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P R E F A C E 



THE ufefulnefs o£ publications, 
which, like the prefent Diflerta* 
tion, exhibit^ from time to time, com- 
prehenfive views of fcientifical know- 
; ledge, has been fufficiently pointed out 
1^ Lord Bacon, whofe di<ft:ate$ *upon 
this fubjed:, as upon others, have been 
amply confirmed by experience. The 
Tranllator, therefore, at firil thought, 
that every purpofe of the Englifh reader 
would be abundantly ferved by a faith- 
fill tranllation of this admirable manual 
of theoretical Chemiftry. His duty 
plainly forbad him to alter or fupprefs 
any thing j and his reverence for the 
great author deterred him from the 
thought of making any addition. But 
ibme time has elapfed fince the tafk of 
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iv PREFACE. \ 

mere tranflation was completed j in thel 
mean time, chemical inveftigation be- 
ing continued with univerfal ardour^ i 
new fadls were brought to light, and I 
new theories propofed^ fome of them in ^ 
books not likely to fall into the hands 
of every reader. Hence it feemed al- , 
moft a matter of neceflity to add fome/ 
annotations. The Tranilator no\ir 
wifh«s^ for the convenience of the 
reader, that they had been fubjoined to 
the pages to which they refer, though^ 
for his own fake, he is not forry that 
they are thrown back as far as pollible. 
This accidental circumftance of their 
fituation has led him to be more dif- 
fufe than he would otherwife have 
been. The notes could not, by their 
intrulion on the readen^s eye^ divert his 
attention from the author j and why 
fliould any thing which was ufeful, and 

perhaps 
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lerhapis inacceffible to many, be with- 

icld, when it hatf any connexion with 
:he fubjedt ? • — • 
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Two fets of Tables are fkbjoihed. It 
kas thought that many readers would 

)e diflatisfied with the chemical Cha- 

...» 

racers alone/ c(pecially as the former' 
edition of the TaMes.has been already 
publiflied in words ^ To fiipprefs the' 
figns entirely, feemed improper; for- 
they are fo convenient^ that every ftu- 
dent of chemiftry ought to make him-^ 
felf familiar with them. Befides, as 
oft Chemifts will wifli for a fet to 
and always open for infpe(a:ion, the 
o fets will fcarce be thought fupqr- 
luous by any. 



Every man who delights in paying 
the refped that is due to genius, learn- 
ing, 
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▼i PREFACE, 

ing, and induftry, will hear with plea^^ 
fure, that the life of our Qoufummate. 
phiUfopher has been promifed us by h|a 
excellent friend^ Mr Scheele. The fol-» 
lowing teftin;iony of regret, on aecoimt 
of his prciqiature de^th, appeared ibo 
after that event j an event which tho 
who, by comparing what he did ^x^, 
chemiflry with the ihort time du^kig^ 
which he applied to it,^^lhall bei^ome 
fenfible of what he would have agcpm-^ 
plifhed in a long life,^ can alQne.^a4e« 
quately lament. 
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Fertriftem adferre noncium oportet, 
Foft exaftos mortali vita annos xx.xz, 
Ereptum efle Fatri»^ 
Cultlori orbi^ bonorumque omnium amplezibus, 

ViaUM longi CXLKBaATXSSIMUM, 

TORBERNUM BERGMANN- 
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AcADEM. Upsaliensi Fropessorbm I 
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Acad. Imp. N. C. ^ Regiaeum Acades^ia&um 
Et Societatum Paris. Medics Faris. 
montispess. divionens. upsal* 
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Berolin. Taurin. Gotroburg. Lund. 

So DA LE M« 

Id quod accidit d. viii. Julii anni 1784, 

Dum ad acidulas Medvicenfes^ in Oilrogothia, 

Adfliftee dudum valetudini quaerebatur fblatium> 

Lugent per univerfam Suecogothiam 

Optimarum (cientiarum Fatroni et Cultores $ 

Necdum inveniunt 

Quern tanti viri defiderio modum ponant. 

Superftitibus, autem^ cognatis et amicis^ 

Hoc denique lacrimabile officium relldhim eA, 

Uty mceftii&mae nomine viduse^ 

Fautores in exteris gentibus et G>nfbrtes ftudiorum^ 

Quas naturalis omnis (cientise vir peritiflimus 

Excoluit, 

De communi clade certiores &ciant, 

Froque fu^ adeo agant parte^ 

Ut juftiffimi Iu6hi8 sequ^ lat^ fentiatur pietas, 

Ac Be&gmanniorum exiflimatio meritorum^ 

Jam diu inclaruit. 

ypsALi-fi d. xvi. Julii > 
X784.. S 
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DISSERTATION, tifc. 

Jamne vides igitur magni primordia rerum 
Refierre^ in .quali fint otdine quaeque locata, 
£t commifU quibus dent motus accipiantque. 

Lucretius* 

This Diflertation was firft printed in 
1775, in the third volume of the New 
tJpfal Tranfadtions. It was afterwards 
tranflated both into German and French* 
The two annexed Tables, which exhi- 
bit the fingle and double attractions, 
were again engraved in London, by the 
care of Dr Saunders, for the ufe of 
thofe-who attended the ledtures which 
he read in conjundion with Dr Keir, 
. The fame year, Mr More, fecretary to 
the Society for the Encouragement of 
Arts and Manufactures, publifhed the 
table of elective attradlions, on a large 
fheet, fubftituting Englifh words in the 
place of the figns. 
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ELECTIVE ATTRACTIONS. 



I. 



There /eems to be a Difference between Re-' 
mote and Contiguous AttraBion* 

IT is found by experience, that all fub-' 
ftances in nature, when left to them- 
felves, and placed at proper diftances^ 
have a mutual tendency to come into 
contad: with one another. This tendency 
has been long diftinguilhed by the name 
of attradlion. I do not purpofe in this 
place to inquire into the caufe of thefe 
phaenomena ; but, in order that we may 
confider It as a determinate power, it 
will be ufeful to know the laws to 
*^hich it is fubjed: in its operations, 

A though 



2 On EUaive AttraStions. 

though the mode of agency be as yet 
unknown. 



It has been (hewn by Newton, that 
the great bodies of the univerfe exert 
this power diredlly as their mafles, and ^ 
inverfely as the fquares of their di- 
fiances. But the tendency to uniott 
which is obferved in all neighbouring 
bodies on the furface of the earth, aod 
which may be called contiguous attraffion^ 
fince it only afFefts fmall particles, and 
fcarce reaches beyond conta^, whereas 
remote attradion extends to the g|%at 
mafles of matter in the immenfity %f 
fpace; feems to be regulated by very 
different laws ; it feems, I fay, for the 
whole difference may perhaps depend on 
eircumftances. Confidering the vaft di- 
fiance, we may negled the diameters, and 
look upon the heavenly bodies, in moft 
cafes, as gravitating points. But conti^ 
guous bodies are to be regarded in a 
very different light ^ for the figure and 

fituation^ 
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Oft EieSfive AtlraQions. 3 

fituation^ not of the whole only, but of 
die parts^ produce a great rariation in 
the effcAs of attractions Hence quan-> 
titiesy which in diftant attractions might 
be negledfced, modify the law of conti- 
guous attraction in a confiderable de- 
gree; and, moreover, the great power 
of our globe on all occafions influence» 

« 

and difturbs it. This force may there-? 
fore produce wonderful variations in 
the ef{ed:s, according to circumflances. 
But as we are by no means able to af- 
ceitain the figure and pofition of the 
|)articles, it remains that we determine 
the mutual relations of bodies with re- 
fpeCfc to attraction in each particular 
cafe, by experiments properly conduCt-^ 
ed, and in fufEcient number* 

As contiguous attraction fcarce ex- 
tends beyond contaCt, it is obvious, that 
the former will be more intenfe in the 
fame body, the more the latter is in- 
creafed^ Hence, in the following ob- 

A 2 fervations. 
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4 ^ On Eleftive Attra&ions, 

fervations, many inftances occur, which 
prove that a body has greater power in 
a liquid than in a folid ftate, and ftill 
greater when it is refolved into va- 
pour. See, in particular, what is faid 
of marine acid, with refjpedl to phlogi- 
fton, in the forty-feventh paragraph; 
and of the matter of heat, in the forty- 
eighth, 

r 
I 

In this diflertation, I fhall endeavour 
to determine the order of attradtions 
according to their refpedlive force ; but 
a nciore accurate meafure of each, which 
might be exprefled in numbers, and 
which would throw great light on the 
whole of this dodlrine, is as -yet a defi- , 
deratum** 

Several 



* Mr Morveau, I believe, firft determined and expref- 
fed in numbers the cohefion of quicklilver to fome of the 
metals. Mr Achard afterwards publiilied a large table, 
in which the cohefive force of many bodies is invefligated 
both by calculation and experiment. Mr Kirwan vcrjr 

lately 



On Kledllve AUraSi'tons. 5 

Sevbral fpecies of contiguous at- 
[tion may be diftinguifhed. I Ihall 
briefly mention the principal. 
hen homogeneous bodies tend to 
an increafe of mafs only takes 
CG, the nature of the body remaining 
I the fame ; and this effed: is deno- 
Dated ibe atlraBlon of aggregation. But 
iterogeneous fubftances, when mixed 
r, and left to themfelves to form 
nbinations, are influenced by differ- 
ice of quality rather than of quantity. 
I^s we call attraBton of compojition ) and 
len it is exerted in forming a mere 
1 of two or more fubftances, It re- 
yes the name of alirafftott offolution or 
fon, according as it Is efFedted either in 
gmoift or thedry way. When it takes 
(Ce between three refped:ively, to the 
filuflon of one, it is faid to be Afingk 
A 3 ^ek&ive 



^ began to meafure the attraiSions ,by the diminu- 
B of hulk that is produced by union ; for he is of opl- 
1, that the caufe and quantity of coutraflion is to be 
n the force of attraflion. 
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6 On EleSive AttraBHons. 

tle&ive attraSion ; when between twp 
compound?, each eonfifting of only two 
proximate principles, which are ex- 
changed in confequence of mixture, it 
is intitled double attraaion. I am partir 
cularly to confider the two laft :^cies? 



11. 

< 

Single Ele^ive jittra&ions. 

Suppose -^ to be a fubftance for which 
pther heterogeneous fubflances a^ ^, r, 
.&c. have an attraftion ; fuppofe, fur- 
ther, J, combined with c to faturation, 
(this union I fhall call Ac), fliould, up- 
on the addition of ^, tend to unite with 
it to the exclufiqn of r, A is then faid 
to attract b more flrongly than r, or to 
have a ftronger eledive attraction for 
\t J laftly, let the union of A by on the 
addition of a, be broken, let b be rejed:- 
ed, and a chofen in its place, it will fol- 
low, that a exceeds b in attractive power, 

and 
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and ^e fhall have a feries, a^ by c, in re- 
fped: of efficacy. What I here call at- 
tra^ion^ others denominate affinity j I 
(hall employ both terms promlfcuouily 
in the fequel, though the latter, being 
more metaphorical, would feem lefs pro- 
per in philofophy. 

Geoffroy, in 1718, firft exhibited at 
one view the feries of elective attrac- 
tions, by arranging in a table the che- 
mical figns, according to a certain or- 
der ; but this admirable contrivance, 
while it is commended by fome, is bla- 
med by others 5 one party contending, 
that affinities are governed by fixed 
laws, and the other affirming, that they 
are vague, and to be afcribed to cir- 
cumflances alone* 

Now, lince all chemical operations 
confift either in analyfis or fynthefis, 
compofition or decompofition, and both 
the one and the other depend on attrac- 

A 4 tion, 
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cioa, Ic will certainly be of great' imr 
portance to determine this diipute. Let 
u> act dxen liglitly, and on account of 
oue ar two irregularities^ perhaps ill 
uutiertEood, reject the whole dodrine, 
ixit let vlS rather proceed in our ex- 
uni nation with caution and care. 
Should we even at laft find that attrac- 
tioGS depend on circumftances, fliall we 
therefore conclude, that it will be ufe- 
fctS. to know the feveral conditions that 
if^rward or impede or difturb them? 
IJv no means, but rather that it will be 
of extenfive utility. There does not 
exiA in all nature a fingle phenomenon 
but what is fo cpnnedled with certain 
conditions, that when they are abfent, 
the phspnomenon (hall either not ap- 
jH^ur, or be varied occafionally. It is 
of confequence to fcjence, that the 
changes and the combination of caufes 
in every operation fhould be accurately 
Known, as far as a knowledge of them 

is 
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is attainable ; and the utility of a ftridl 
inquiry into attradlions will, I hope, 
clearly appear from many inflances in 
the following pages. 

But if, on the contrary, a fixed or- 
der does really take place, will it not, 
when once afcertained by experience, 
ferve as a key to unlock the innermoft 
fandluaries of nature, and to folve the 
moft difficult problems, whether analyst- 
deal or fynthetical ? I maintain, there- 
fore, not only that the dodtrine deferves 
to be cultivated, but that the whole of 
chemiftry refls upon it, as upoii a folid 
foundation, at leafl if we wifh to have 
the fcience in a rational form, and that 
each circumftance of its operations 
fhould be clearly and juftly explained. 
Let him who doubts of this confider the 
following obfervations without preju- 
dice, and bring them to the tefl of ex- 
periment. 



III. 
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III. 



Whether the Order of AttroBwns he cemfiamt. 

This queftion can only be properly 
anfwered from what follows. But let 
us now nightly confidcr whether a con- 
ftatit feries, fuch as is mentioned in the 
laft paragraph, is to be expelled. Does 
a expel by and b a reciprocally, accord- 
ing to circumftances ? Does c perchance 
expel tf, while it always gives way to Bf 
Let us confult Experiment, the oracle 
of nature, with due care and patience, 
and we ihall doubtlefs find the proper 
chic to guide us out of this labyrinth. 

I AM far from approving of thofe ge- 
neral rules which affirm, that earths 
and metals are in all cafes precipitated 
by alkalis, and metals by earths, for 
they are often fallacious. We have, 
however, many particular obfervations, 

which, 
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L, when every thing Is properly 
difpofed, never miflead. We know, for 
inftance, that volatile alkali is diflodged 
by fixed alkali and pure calcareous earth ; 
that quickfilver and filver are precipita- 
ted from nitrous and vitriolic acids on 
the addition of copper, which is again 
feparated by iron. Silver, quickfilver, 
and lead, which were called the white 
metals by the ancients, are feparated 
from the nitrous acid both by the vi- 
triolic and marine. Do not thcfe, and 
other fafts long fmce known, fliew, that 
there prevails a conftant order among 
thefe leveral fubftances ? Many other 
clear proofs occur in the explanation of 
the new table of attradlions, which I 
fhall referve for their proper places, 
(Xii.— LXX.). The difficulties, when 
clofeiy examined, difappear ; and none 
has yet, as far as I know, been point- 
ed out which is really inconfiftent 
with a continued feries. But fhould 
jhere occur in this, as in other branches 
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of natural philofophy , a few phacnome- 
na, which appear to deviate from the 
ordinary tracks they fliould be confider- 
ed as comets, of which the orbits can- 
not yet be determined, becaufe they 
have not been fufEciently obferved. 
Repeated obfervations, and proper ex- 
periments^ will in time difpel the dark- 

xiefs. 

* 

That the efFed: of three fubftances 
mixed together may appear at one view, 
I have contrived a way of reprefenting 
it by fymbols. It will be proper to il- 
luftrate it by an example. 

Scheme 20. PI. i. exhibits the de- 
compofition of calcareous hepar by the 
vitriolic acid. On the left fide appears 
the hepar, indicated by the figns of its 
proximate principles united ; but with- 
in the vertical bracket thefe principles 
are feen feparate, one above the other. 
On the right, oppofite the calcareous 

earth. 
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fome bodies remarkably volatile in com« 
pariibn of others. 

Suppose A to be attradled by two 
other fubflances ; and let the more 
pawerful ad at the ordinary tempera* 
ture with the force a, the weaker with 
the force/ ; fuppofe, at the fame time, the 
former to be the more volatile j let its 
effort to arife be exprefled by V, and that 
of the other by v. When thefe three fub- 
ftances are mixed together, the ftrong- 
er will attract A with a force zza — h\ 
but fhoiild the heat be gradually raifed, 
this fiiperior force will be more and 
more diminilhed > and as V will in- 
creafe fafter than Vy we fhall at laft 
have a — 3=:F— v. This ftate of equi- 
librium will be immediately deftroyed 
by the fmallell addition of heatj and 
thus by which was before the weaker, 
and incapable of producing any effedt, 
will now prevail. If the other fubftance 
be-entirely of a fixed nature, vrro, and 

the 
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> 

the cafe will be fimpler. Many in- 
llances of this nature will hereafter 
occur. 

Hence, I think it in general obvi-^ 
ous^ that thofe are the genuine attrac- 
tions, which take place when - bodies 
are left to themfelves : too high a de- 
gree of heat is an external caufe, which 
forcibly weakens the real affinities more 
or lefs, nay, in fome cafes, even totally 
alters them. Since, however, many ope- 
rations cannot be carried on without 
the aid of heat, and the power there- 
fore of this moft fubtile fluid is highly 
worthy of being obferved, I think the 
table of eledlive attractions ought to be . 
divided into two areas ; of which the 
upper may exhibit the free attractions, 
that take place in the moift way, as 
the exprefljon is ; and the lower, thofe 
which are efFedted by the force of heat. 
This may eafily be done, fince we are 
as yet unacquainted with any other ex- 
ternal 
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temal condition which deferves here to 
be taken into the account j if the inter- 
nal conditions ever caufe any deviation, 
it is eithef oftly apparent, or elfe a real 
change in the nature of the inbftaDces 
is produced. It cannot indeed be de- 
ilied, that rolatile bodies afe a6:ually 
changed by a combination with the 
matter of heat ; but the change is of 
jhort duration, as it totally difappears 
on refrigeration, though not till after 
the defired decompoHtion has been ef- 
Med. 

It is hence evident, what opinion we 
are to form concerning the various ar- 
guments brought againft the conftancy 
of affinities, from the diftillation, fubii- 
mation, or fufion of mixtures : fuch 
Sometimes is the efficacy of heat, that 
ftrong digeftion, or even that degree of 
Warmth Vrhich is produced by the com- 
binatioti of certain fubilances, is fuffi- 
cient to diflurb the ufual order. 

B V. 



\ 



1 8 On EkSlive AttraSions. 



V. 



Apparent Irregularities from a double At- 
traSion. 

Notwithstanding the trite pro- 
verb, That no rule 1$ without excep- 
tion, I do ijiot therefore think that rules 
are to be rejected ; but the exceptions 
ihould be properly inveftigated, and' 
the rules thus be reduced to their juli 
amount. Thofe, however, which are 
now to be confidered, do not come un- 
der the denomination of exceptions ; 
for four fubftances exert their adtion, a 
very different cafe, and more compli- 
cated, than where three only are con- 
cerned. Many inftances ufually addu- 
ced in refutation of a regular feries of 
affinities belong to this head ^ and 
though it. is faid that reciprocal decom- 
pofition is evidently fhewn by them, a 

clofer 
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clofer examination will diilipate the il- 
luiion. 

Geoffroy*s table intimates, that fix- 
ed alkalis adhere to acids more ftrongly 
than calcareous earth, and with great 
propriety, though fome would reprefent 
this truth as an abiurdity. They drop 
a folution of chalk in nitrous acid into 
a folution of vitriolated tartar, upon 
which a precipitation of gypfum imme- 
diately takes place; a clear proof, as 
they think, of the fuperior attradlion of 
the calcareous earth. But it ihould be 
obferved, that not even quicklime, 
when added to a folution of vitriolated 
tartar, (Scheme 2.), produces any decom- 
pofition ; but, on the contrary, if vitrio- 
lic acid be dropped into the folution of 
calcareous earth, a precipitation of gyp- 
fum will follow, (Scheme 16.) : Hence 
it is obvious to which the ftronger elec- 
tive attraction is to be attributed. When 
the chalk has been previoufly diffolved 

B 2 in 
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in fome minenil acid, four fubftances 
come into aiftion ; and now the earth, 
aided by the acid which is combined 
with it, efiefts what before it was not 
able to accomplifh. To render this 
more evident, let us confider the 21ft 
Scheme, In which, on the left hand, the 
neutral fait, known by the name of vi- 
triolated tartar, is indicated by the figa 
of vegetable fixed alkali placed near that 
of vitriol. I read it in this manner : Vi- 
triolated vegetable alkali, (that is, fatu- 
rated with the acid obtained from vi- 
triol), a denomination by which the 
proximate principles are known ; and 
thefe alfo appear under their proper 
figns within the adjacent vertical brack- 
et. On the right, muriated lime (fatu- 
rated with the marine acid) is lifcewife 
reprefented by fymbols, as alfo its pro- 
ximate principles within their proper 
bracket. Whilft therefore vitriolated 
tartar and lime faturated with the acid 
of fait are mixed together in water, 
(which 
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(which Is exprefled by the fign of water 
in the middle of the Scheme), the fame 
thing happens as if we were to mix cer- 
tain portions of vegetable fixed alkali, vi- 
triolic acid, marine acid, and pure lime 
in water: thefe four fubflances fur- 
round water in the figure, and are fo to 
be placed, that the two acids fhould ne- 
ver be in the farpe horizontal line< 

We have the fiibftances that were com- 
bined before mixture difpofed in a ver- 
tical pofition ; and, in order to break the 
combination, there is neceflarily requi- 
red a greater fiim of attradion between 
thofe which are horizontally, than thofe 
which are vertically oppofite to each 
other: and fuch is the prefent cafe; 
for although the vitriolic acid attrads 
the fixed alkali more ftrongly than it 
does the lime, yet, upon the addition of 
muriatic acid, which at once folicits the 
alkali, and diminifhes its cohefion with 
the vitriolic acid, the attradion between 

B 3 the 
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the fixed alkali and the marine acid, 
together with the attradlon between 
the vitriolic acid and the lime, make to- 
gether a greater fum than the attraAion 
between the fixed alkali and the vitrio- 
lic acid, together with that between the 
muriatic acid and the lime? 

The horizontal brackets include the 
new combinations : by the apex of the 
lower turned downwards, fiibfidence is 
denoted; but the apex of the upper 
pointing upwards, fhews that the com- 
bination contiguous to it remains in the 
liquor, until a certain portion be carried 
off by evaporation. Thus then is the de- 
compofitlon in queftion efFedted. That 
I may more quickly difpatch the other 
inftances, I fhall once for all obferve, 
that I always exprefs double falts (fuch 
as confift of two proximate principles) 
by the fign of the bafe placed on the 
left, near the fign of that fait from 
which the acid is ordinarily expelled, 

which 
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which acid is at prefent combined with 
the bafe : in the fame way I defign the 
odiers^ confifting of two principles inti- 
mately iinited. 

Magnesia, and feveral of the me- 
tds, refemble lime in this refped:. See 
Scheme 22. Table i. contains fixty-four 
fchemes, ^hich exhibit the events of 
122 experiments ; for No. 24. not only 
fliews, that nitrated mercury is decom- 
pofed by feret fal ammoniac, but alfo 
that flaming nitre and vitriol of mercu- 
ry will bear to be mixed without fufFer- 
ing any change ; and, in general, if the 
fubftances reprefented on the right and 
left fide make a mutual exchange of 
their principles, we may judge that 
thofe which ftand above and below un- 
dergo no feparation on mixture. In 
Schemes 21. and 23. it appears that 
vitriolated tartar and muriated lime 
change their principles, but not dige- 
ftive fait and gypfum. Nos. i. — 20. ex» 

B 4 hibit 



22 Of \,:'^^^" 



?!l'!Ii'' 






, r, , a.i)ublefree 

the fixed .;.-'>■' , , 

, . ••.■■•■ -.,.^;flir are brought 

, . . •••- -.^ of are: 41.— 47. 

thevit • .j::^:-". o 

^ .."•*'. •..iijnon; and, laft- 

• "" 'V. -i^-^ ^y fulion in a 

. ^*' '-vjnation of the new 



betw 
lie r 

mu 



;., leterinining the fingle 

• ''"^ ' ions, are often deceived 

- .- • [...jcVms. The phofphoric 

• • ;:';;"i,ereafterfliew, (XXXIII.), 

.... more powerfully than fix- 

vcc the contrary is aflerted, 

^. -vJ alkali, by means of a 

./-'mcv, precipitates phofphora- 

• * * " , Even cauftic fixed alkali, 

"' C^W'MS a ftronger proof, caufes a 

' ' !>:tio«- neverthelefs, if the fupe- 

■ ''' * ,-.iction is deduced from this 

»he conclufion will be erroneous ; 

*;*"^ ;.^, alkali only takes away the ex- 

-. if iH'^^' which is rcqulfite for folu- 

tion, 



On EicBhe AtitaSthru. 2$ 

tion, and hence the phofphorated lime 
611s to the hottom, (IX.). The differ- 
ence between the adfcion of alkalis and 
^bforbent earths, when faturated i^ith 
aerial acid, and when defiitute of it, has 
been explained in my efiay on that acid, 
and may therefore be omitted here *. 
What is there faid of the volatile alkali, 
is exprefled in Scheme 36. and clearly 
(hews the reafbn why cauftic vola- 
tile alkali feems to a£fc more weakly 
than the mild, whi^h otherwife would 
be abfurd. It may now, in general, be 
obferved, that alkaline and earthy liib- 
ftances are to be confidered as double, 
and by no means as fimple falts, except 
in their cauflic flate, and then I call 
them pure. See Schemes i. — 8. 32. — 37« 
51. 62. and 63. 

The precipitation of metals, diflblved 
in acids, by other metals, is never the 
effed: of fingle attraction j for during 

the 
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thelblution/a quantity of phlogifton Is 
extricated, as I have clearly, I hope,, 
fhewn elfewhere *. Since therefore me- 
tallic folutions are of fuch a nature,, 
that they cannot reflore what they 
hold diflblved to its metallic fplendour' 
without the acceffion of a new portion 
of phlogifton, it is felf-evident, as well 
as conformable to experiment, that this 
cannot he effetfted hy the addition of 
calces. If therefore ochre be put into 
a folution of vitriol of copper, no cop- 
per will be precipitated ; but iron added 
to the folution is foon obferved to be 
covered with a cupreous pellicle ; for It 
yields part of its phlogifton, which is 
neceffary to the reduction of the cop- 
per, and by this means becomes itfelf 
foluble without the emifllon of any in- 
flammable air, (Scheme 39.)- Silver dif- 
folved in the nitrous acid is in like 
manner calcined ; as appears from the 
red vapour, phlogiftic fmell, and va-i- 
rious 

* Op. vol. ii, p. 354. vol. ill. p. 134, 
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rious other evident figns, and therefore 
cannot be precipitated by the calx, 
though it may by regulus of copper, 
(Scheme 38.). The fame obfervation 
is applicable to gold and the other me- 
tals ; for in whatever vt^ay they be fe- 
parated, provided they can acquire no 
phlogifton, they appear calcined, and 
really are fo : the only difference con- 
jGfts in this, that they are unequally de* 
phlogifticated, and that the noble me- 
tals can recover their lofs by fufion 
alone in ignited veflels, whereas the ig- 
noble ones require an addition of phlo- 
gifton. But more of this hereafter* 

In many other cafes, where a fingle 
eledive attraction is commonly thought 
to take place, it is really double, on ac-^ 
count of the prefence of phlogifton. Let 
us confider an inftance of this in the di- 
ftillation of butter of antimony from a 
mixture of corrofive fublimate and regu-» 
lus of antimony. We may obferve, in 

the 
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the firft place, that neither mercury no^ 
regulus of antimony are foluble in the 
marine acid, unlefs they are firfl: depri- 
ved of a certain portion of their inflam- 
mable principle. From this confidera- 
tion, the procefs Is eafily explicable 
from a double attraftion ; the calx of 
mercury in corrofive fubllmate is revi- 
vified by that phlogifton which the rc« 
gulus muft lofe in order to become Ho' 
luble in marine acid, (Scheme 58.). The 
bafis of corrofive fublimate, indeed, as 
well as the calces of the noble metals, 
recovers Its regullne ftate in heat alone, 
by attracting what is wanting to this 
ftate, through the ignited veflels ; but 
this operation requires a far ftronger 
fire than tlie dlftillatlon of butter of an- 
timony, in which the reduced mercury 
rifes without any very ftrong heat. 
With white arfenic and corrofive fubli- 
mate no decompofitlon is effetHied, Cnce 
the phlogirton neceflary for the reduc- 
tion of the mercury is wanting ; but 
this 



/" 
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this operation iucceeds "with orpimenti 
which abounds with phlogifton. 



VI. 



Apparent Exceptions fr$m a fuccejive Change 
of Subftancci. 

If either of the fiibftanccs employed 
fhould change its properties, its attrac- 
tions will, doubtlefs, be liable to altera*- 
tion. This may be illuftrated by many 
examples. It had been long known, 
that nitrous acid is capable of dis- 
lodging the marine from an alkaline 
bafis 5 but Margraaf was the firft who 
obferved that the latter expels the for- 
mer. This phaenomenon, unlefs we are 
acquainted with the nature of marine 
acid, eludes all explanation ^ but now 
this is known, the problem is eafily fol- 
ved. The nitrous acid expels the ma- 
rine, by means of a fingle elective at- 

tradlion, 



the firft plac( 
regulus of 
marine aci 
ved of a < 
mable p^ 
tion, t' 
from 
mere 
vifir 

lu 
1: 



.OglltOXi 

. the mri- 
rrom it hy 
:he nitrous^ 
.::rh fiituratccl 
roiigly attradl^ 
,.ple: for nitre 
.:ion for an hoar 
. rerfedlly neutral, 
:hat all the acid re- 
vcome fo much weak- 
:;hlogillicatcd, that it 
.• by concentrated vine- 
'. Hence it follows, that 
•:.irine acid that is poured 
-*^ yields its phlogifton, in 
.• y\{ the heat applied, to the 
: which in this Hate is ex- 
-h.it part of the marine which 
.. Jccompofed, (Scheme SS^^^ 
is the true cxphmation, ap- 
,„1 the nature of the thing, the 
V proportions, and the matter 
I ill the receiver, which is found 



to 




n EleSlive AttraSllons. 31 



jiifift of phlogifticated nitrous acid 
d marine acid, both dephlogifticated 
and in its ordinary ftate. 

On the fame principle, white arlenic 
is capable, by diflillation, of decompo- 
fing thofe neutral falts which contain 
the nitrous, but not thofe which con- 
tain the marine acid. White arffenic is 
nothing but a fort of fulphur, confift- 
ing of the arfenical acid, and a certain 
portion of phlogifton, (XX. )• In this 
cafe, therefore, four fubftances come 
into adlion, (Scheme 56.) j and as the 
nitrous acid ftrongly attracts phlogifton, 
and its connedlion with its bafis is much 
weakened by the acceflion of that prin- 
ciple, the acid of arfenic is capable of 
expelKng it : but the marine acid, al- 
ready containing the inflammable prin- 
ciple, refufes to combine with a larger 
portion of it, it therefore remains 
unchanged, and the arfenical acid 

has 
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tradion, (Scheme 42.), but. phlogiftbn 
enters into the compofition of the ma- 
rine acid, and is attracted from it by 
other acids, efpecially by the nitrous, 
(XVIL), which, even though faturated 
with vegetable alkali, ftrongly attracts 
the inflammable principle} for nitre 
kept in a ftate of ignition for an hour 
or two, remains perfed:ly neutral, 
whence it is plain, that all the acid re- 
mains, but it is become fo much weak- 
ened, by being phlogifticated, that it 
may be expelled by concentrated vine- 
gar, (XXXVIL). Hence it follows, that 
part of the marine acid that is poured 
upon the nitre, yields its phlogifton, in 
confequence of the heat applied, to the 
nitrous acid, which in this ftate is ex- 
pelled by that part of the marine which 
is not yet decompofed, (Scheme 55. )• 
That this is the true explanation, ap- 
pears from the nature of the thing, the 
neceflary proportions, and the matter 
collefted in the receiver, which is found 

to 
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to confift of phlbgifticated nitrous acid 
and marine acid^ both dephlogiflicated 
and in its ordinary^ flate. 

On the £ame principle, white arfenic 
is capable, by diftillation, of decompo- 
fing thofe neutral £alts which contain 
the nitrous, but not thofe which con- 
tain the marine acid. White arffenic is 
nothing but a fort of (ulphur, confift- 
ing of the arfenical acid, and a certain 
portion of phlogifton, (XX.). In this 
cafe, therefore, four fubftances come 
into adtion, (Scheme 56.) j and as the 
nitrous acid ftrongly attrads phlogifton, 
and its connexion with its bafis is much 
weakened by the acceflion of that prin- 
ciple, the acid of arfenic is capable of 
expelling it : but the marine acid, al- 
ready containing the inflammable prin- 
ciple, refufes to combine with a larger 
portion of it, it therefore remains 
unchanged, and the arfenical acid 

has 
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has no power againft the ftrongef,] 
(Scheme 57.). 
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noble metals, though they refill the 
force of fire fo obftinately, may be more 
'or lefs calcined by folution in acids j 
and it will now be proper to add fome- 
thing concerning iron, which, above all, 
leems liable to this change, efpecially 
concerning its folution in the vitriolici 
acid. In the firft place, we reinark' 
that a portion of phlogifton flies oiFdu-' 
ring folution in the inflammable air ; 
next, if the faturated folution, which is 
of a green colour, be filtered, and kept 
in a full and clofe phial, it will rematal 
clear ; whereas, if it be expofed to the 
air in an open veflel, it will gradually, 
but conftantly, depofit ochre, a phamo- 
menon which arifes from two caufea*- 
For vital and refpirable air attrflftg^ 
phlogifton fo forcibly as infenfibly to 
(limiuilh tliat which is contained 

folutioxi 
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folution of iron* Such alib is the na- 
ture of the vitriolic acid, that it will 
diflblve fb much the lefs iron, the more 
^deftitute the metal is of phlogifton 5 
whence it follows, that a quantity of 
acid fiifficient for the folution of iron 
. but little dephlogifticatecl, gradually 
becomes infufficient in proportion as 
the phlogifton is feparated, and there- 
fore earth of iron muft fall to the bot-^ 
torn, which, however,, again difappears 
on the addition of frefh acid. This 
decompofition is much accelerated by 
,• heat, and efpecially by boiling, and at 
laft the green colour is changed to a 
dark red, and the whole folution aflumes . 
the nature of an ultimate ley, which is 
incapable of cryftallization, as has been 
admirably Ihewn by Mr Monnet. Sue- 
ceflive boiling, however, and cooling, 
bring about the dephloglfticatlon fooner 
than continued boiling alone^ 

C This 



u 



On EleSlive jiltraBlons. 



This ultimate lixivium, however, 
may be reduced by the addition of i 
little vegetable alkali, to white aftrin^ 
gent cryftals, like thofe of alum, whence 
feme have been led to believe, that the 
tranfmutation of vitriol into alum 
fully proved ; but this fait, when dilTol- 
ved, may be totally changed into PniC 
iian blue, by means of phlogifticated 
alkali, and, if common alkali be em- 
ployed, aifords nothing but ochre, and 
not a particle of alum, provided the vi- 
triol be made by dilTolving iron ; that 
indeed, which is extracted from pyrites', 
often contains alum, fince clay fre- 
quently enters into the compofition oj 
pyrites. 

With thefe truths in view, it is eaiij 
to anfwer, if any one ihould think 
proving the reality of reciprocal decora' 
pofitionbythecafeof alani, in which th( 
acid feems to part with the earthy bafii 
upon the addition of iron filings, and tak< 
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lip the metallic, while, on the con- 
trary, clay is diflblved in the laft lixivi- 
um of vitriol, and precipitates the ochre. 
In the firfl: cafe, we have iron com- 
bined with its proper portion of phlo- 
gifton, which, when it is put into a fo- 
lution of alum, is taken up only by the 
excefs of acid, which adheres more 
loofely than the faturating portion^ 
And the abundant acid being taken 
away, the clay, being exadlly faturated, 
falls down infoluble. Thefe phaenome-^ 
nahave therefore been hitherto ill under- 
flood, for at the precile point of fatura- 
tion, clay is not precipitated by iron. 

In like manner, copper yields th© 
acids to iiron, while it attradts them 
from crocus martis. Hence the decom-^ 
pofition of vitriol of iron by copper^ 
detected by Mr Margraaf, is eafily ex- 
plicable J it is by no means reciprocal, 
for copper precipitates iron only when 
it is dephlogifticated beyond a certain 
limits 

C 2 In 
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In an open veflel, the inflammable 
principle is eafily feparated, efpecially 
by means of heat ; hence a folution of 
vitriol of iron muft neceflarily change 
in its nature almoft every moment to a 
certain point, below which it is impof- 
lible to proceed in this way. It is the 
more furprifing, that copper Ihould be 
fo eafily diflblved in this experiment, 
fince it is certain, that this metal is 
with great difficulty diflblved in vitrio- 
lic acid, unlefs it be in fbme meafure 
calcined beforehand* But in the pre- 
fent inftance, the earth of the iron at- 
tracts the phlogifton of the copper^ 
which It foon lofes again on the ap- 
plication of heat. The folubility of the 
calx, as well as the regulus, of copper, 
in a boiling folution of martial vitriol, 
is a clear proof of this conjedlure. Con- 
centrated vitriolic acid indeed attrads 
copper, when affifted by a fufficient 
heat ; but let it be remarked, that the 
vapoijrs which then arife, are the phlo- 

gifticated 
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gifticated vitriolic acid, which fhews, 
diat a portion of the inflammable prin- 
ciple is carried off. Moreover, how 
the precipitations of metals from acids, 
by means of other metals, are to be 
properly underftood, will be explained 
more at large hereafter. 



VII. 
Apparent Exceptions from Solubilityi 

It fometiraes happens that no decom- 
pofition appears at firft, though It really 
takes place. Fixed mineral alkali uni- 
ted with the acids to faturation, and 
diflblved in water, remains in the lim- 
pid folution on addition of pure vege- 
table alkali, nor is any congrumation 
or precipitation to be obferved. Hence 
chemifts of great name. have concluded, 
that the vegetable does not exceed the 
mineral alkali in attractive power 5 but 
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n'e tor a moment, that the 

,;^;i is clillodged, fhould the 

x\^-i^nie turbid ? By no means, 

. ;n;:1 alkali is foluble of itfelf, 

^ . V. therefore impair tranfparen- 

'iviM this phsenomenon alone, 

. ..s*ic. nothing certain is deduciblej 

^\ ihc tblution be evaporated, and 

v ^ will be found at laft uncombined 

Nuil alkali, feparately cryftallized, 

, ^elides, vitriolated tartar, if Glau- 

s . s fait, cubic nitre, if quadrangular 

...vv', :uul diu:eftive fait, if fea fait was 

/.:\v V K\l to the experiment, (Scheme j.)* 

S^^MK metals precipitated from acids, 
o\ isv nuich alkali, foon difappear again 
».:i V v^nli'quence of folution. Platina 
iiivl j^oUl can fcarce be precipitated in 
iiiv !> a UKiniu-^r that the folutions will 
iu»i i\*ui:iin tinged. Zinc, copper, 
• lis tvU', and cobalt, afford no precipitate 
N^iwu an excels of volatile alkali is ufed, 

unlefs 
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unlefs they are contaminated by fome 
heterogeneous fiibftance. 

There is yet another veil which of- 
ten hides decompofitions, as when the 
fubftance expelled from its combination 
is capable of diflblving the new com- 
pound, or at leaft does not hinder the 
water of folution from doing fo. This 
happens not unfrequently when the 
acids of nitre and fait are expelled by 
thofe of greater power. Thus the vi- 
triolic takes magnefia from the marine, 
but in fuch a way as totally to efcape 
the notice of the fenfes ; for the extri- 
cated acid, fharpening the water of the 
folution, immediately takes up the vi- 
triolated magnefia, which is indeed 
otherwife of very eafy folubility, and 
therefore no figns of it appear, un- 
til, by a fpontaneous evaporation, the 
menftruum is fb much diminifhed as to 
be incapable of diflblving the whole. 
Several inftances of this kind occur in 

C 4 tb? 
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the following paragraphs, and it is at 
the fame time fliewn how this impedi-p 
pient may be removed. 

To this head we may alfo refer pre- 
cipitations happening from a fubtradtion 
of the water of folution, upon the addi- 
tion of a fubftance which, though it 
does not change the former combina- 
tion, yet deprives it of its water, when 
there is not enough to diflblve both; 
whence the compound fuddenly con- 
cretes into fmall cryftals, nearly in the 
form of a precipitate. This happens 
when a proper quantity of concentrated 
vitriolic acid is poured into faturated 
folutions of vitriolated tartar, alum, 
corrofive fublimate, and other falts, not 
ealily foluble in water, though their 
proximate principles cannot be parted 
^y vitriolic acid. Vitriql of mercury 
is really decompofed by marine acid, 
which attracts the calx of the metal, 
and carries it down along with it to the 

bpttORJ 
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bottom for Want of water : but concen- 
trated vitriolic acid alfo, when poured 
into a folution of corrofive fiiblimate, 
throws down in its turn a white pow- 
der ; whence foine have immediately 
inferred that kind of decompofition 
which is geuerally called reciprocal; 
but the latter precipitate is fouiid, on 
examination, to be nothing ielfe than 
true corrofive fublimate deprived of the 
water of folution. Fixed vegetable al- 
kali, particularly when dry and cauftic, 
produces like efFedls in the iame cir- 
cumftances j I mean, when the bafis at- 
tradts the acid with equal or greater 
force than the alkali employed. 

These precipitations are feldom com- 
plete ; for fomething generally remains 
diflblved in the liquor. 

Finally, let me notice thofe anoma- 
lous phaenomena which depend on ap- 
parent folubility. Liquor of flints, as 

IS 
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is well known, contains filiceous earthy. 
diflblved in water by means of fixed ^ ., 
kali. Upon dropping in an acid, thc^ 
filiceous earth ought to be precipitatcdii 
as really happens, unlefs the liquor be 
diluted in twenty-four times its weight 
of water, or more j in, this cafe, no_, 
cloudinefs is perceptible, though even 
more acid be afFufed than is necefllaiT^ 
for faturating the alkali. We have here 
an appearance of folution ; but the 
truth is, that the filiceous particles arc 
fo difperfed in the abundance of water, 
that they cannot fixbfide on account of 
the great proportion of their furface to 
their weight. As I have elfewhere ex- 
plained this at greater length *, I need 
only give a fhort view of the matter 
here. I (hall only add, that the earth 
cannot be diflblved by the neutral fait 
that is formed; for the filiceous par- 
ticles fall down on ebullition, (which 
iiicreafes folubility upon other occa- 

fions), 
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fions), in confequence of the diminiflied 
denfity of the liquor by heat. Should 
any one objedt, that, for the fame rea- 
fon, other earths ought alfo to be fu- 
ipended, he will readily find, on more 
ature confideration, that, 1. no other 
E>f the primitive earths is foluble in al- 
kali, except the argillaceous, which is 
alfo foluble in acids, fo that there can 
be no excels either of the one or the 
other without folution. 2. Calcareous 
earth is not precipitated from acid men- 
ftmums in a vifible form by cauftic fix- 
ed alkali well diluted, and gradually 
dropped in, till paper dyed with brazil 
wood is changed to a blue, provided 
the folution be firft diluted with fifty 
times its bulk of diftilled water. The 
liquor remains clear for a time, but by 
degrees acquires a film on the furface. 
The folution employed ought to contain 
more calcareous earth than an equal 
quantity of the ftrongefi; lime-water, 
otherwife it might be faid, that the cal- 



44 On EieSfhe AttraQions. 

careous earth is really diflblved in the 
clear alkalifed fblution, and not- fiifpend- 
ed. If a fingle drop of aerated alkali 
be dropped into the clear folution with- 
out agitation, white clouds immediately 
come into view j but if an .equal drop 
be added, while the whole mafs is Iha- 
ken, no cloudinefs enfues, for the mo- 
tion prevents the coalefcence of the fe- 
parated molecules. Here then we have 
calcareous earth certainly fufpended, 
and all ground of contradidlion, I hope, 
removed. 



VIII. 

Exceptions from the Combination of three 
Subftances. 

There are fome fubftances of fuch a 
nature, that three are capable of uni- 
ting without the exclufion of any one. 
The combination of two attracts a de- 
terminate 
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tenninate quantity of a third, and fome- 
times of more, with fo much force, that 
they become very clofely connedled, 
and are fcarce to be feparated by any 
art. This inconvenience more efpecial- 
ly attends the dry way ; for the earths 
mixed either with one another, or with 
falts, melt together without exclufion, 
which is alfo true of moft of the metals. 
A is not indeed attracted by a and b 
with equal force, but rather A a unites 
with i, ox Ab with a, which yet is no 
reafon why a Ihould not exceed b in at- 
tradtion, though the particular nature 
of the combinations prevents exclufion. 
Volatile alkali, marine acid, and the 
calx of quickfilver, volatile alkali, vi- 
triolic acid, and magnefia; iron, vitrio- 
lic acid, and magnefia, not to mention 
other inftances, adhere fo clofely in de- 
terminate proportions, that they cannot 
be feparated by cryftallization, and not 
eafily in any other way. 

This 
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This alfo holds with refpedl to fouiT 
ingredients, as borax with tartar, vi-» 
triolated magnefia with common falt^ 
gypfum with common fait, and many 
others. To this head alfo belong» liver 
of fulphur formed in the dry way by 
vitriolated tartar and powder of char- 
coal, as in this cafe the phlogifton is 
firft conceived to feparate the acid, and 
generate fulphur, which then is diflblved 
in the alkali, and yields hepar j it may 
feem that the newly formed particles of 
fulphur can fcarce perfift in fo great an 
heat, without either being fublimed or 
confumed, but the new compound is 
formed almoft in the fame moment. 

From this property of certain fiib- 
ftances, peculiar phacnomena often arife. 
Should any one attempt to precipitate 
vitriolated magnefia, or muriated mag- 
nefia, by volatile alkali, he will indeed 
obtain fome precipitate, but a new 
triple combination, a fait of a peculiar 

^ nature 
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nature^ will be formed. If faturated fo- 
lutions of nitrated lime and nitrated 
magneiia be mixed, an unexpedted pre- 
cipitate appears, ccnfifting of a triple 
fait, compounded of both earths and the 
common acid, more difficult of fblutioii 
than either of the ingredients, and on 
this account falling to the bottom. The 
new fait is taken up by a larger quanti- 
ty of water. I muft overpafs many 
phsenomena of this nature. . 



IX. 



Exceptions from a determinate Excefs of one 
or other of the Ingredients. 

Some chemifts, I know, contend; that 
it is idle to fiippofe that a determinate 
excefs of acid can be received by neu- 
tral or middle falts. Many inftances, 
however, which I Ihall now mention, 
clearly prove the prefence of fuch ex- 
cefs. 
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cefs, which, agreeably to the nature of 
. the thing, adheres more loofely than 
the faturating portion. Let perfe<3:ly 
neutral tartarized tartar be diflblved to 
faturation in diftilled water; then let 
fome genuine acid of tartar (XXIII.) be 
dropped in, and a white fpongy fub- 
ftance will feparate and fall to the botrs 
torn, which, when colledted and exami- 
ned, proves to be real tartar. What is 
the caufe of this lingular alteration? 
We ftiall eafily afcertain it by confider- 
ing the nature of the fubftances. Tar- 
tar is nothing but vegetable alkali with 
a greater portion of its own acid than 
is necellary to faturation. He who is 
acquainted with the tafte of tartar, its 
effervefcence with alkalis, the red colour 
it gives to blue vegetable juices, "i^c. can 
entertain no doubt concerning the ex- 
cefs of acid; nay, even till our own 
times, tartar was confidered as an acid. 
Take away the abundant acid by the 
addition of vegetable alkali, and you 

will 
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-will have tartarized tartar, which the 
French call: vegetable falt,^/ vegetal. 
Purified tartar is therefore nothing but 
tartarized tartar with a determinate ex- 
cefs of acid j and when this is added to 
tartarized tartar, it is immediately ge- 
nerated, and, for want of a fufficient 
quantity of lyater to diflblve it, falls in 
great meafure to the bottom. Tartar, 
therefore, and tartarized tartar, differ 
not in the nature, but the proportion of 
their ingredients ; neverthelefs this caufe 
produces a wonderful difference in tafte 
and other properties, and efpecially in 
folubility. For tartarized tartar at- 
tracts water fo forcibly, that it com- 
monly deliquefces in moift air : on the 
other hand, one part of tartar requires 
150 parts for its folution in a middle tem- 
perature ; which is fo much the more 
furprifing, as we are certain, that the fu- 
perfluous acid, by itfelf, as well as tar- 
tarized vegetable alkali, readily unites 
with water. The excefs, which occa- 

D fions 
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fions the difference, can neither be re- 
moved by cryftallization, a moiftened 
filter, or, in (hort, by any other way 
but faturation. 

« 

We have therefore a manifeft ex- 
ample, from which we may conclude, 
that vegetable alkali, though faturated, 
does not rejedt, but, on the contrary, 
eafily admits an excefs of the acid of 
tartar. There Is here too a clear in- 
ftance of attraction between a neutral 
fait and an acid of the fame Ipecies as 
thatAvhich enters into the compound. If 
any other acid be poured into tartarized 
tartar, tartar is alfo feparated ; a ph«- 
nomenon ufually explained by faying, 
that the acid employed expels the tar- 
tar by fuperior attractive force. But 
tartar is not a pure acid, as was long 
fuppofcd. Why then is the alkali united 
to it expelled at the fame time ? If the 
precipitation arife from fuperior attrac- 
tion, why ihould acid of tartar effect: 

it? 
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it ? Why fhould vinegar, an jacid realjy 
weaker, (XXXVII.)? That we may di- 
ftin^tly perceive what happens in this 
operation, let the tartari^ed tartar be 
imagined to be divided into two parts, 
fo that one part b fliall contain as much 
acid as is neceflary for the other a to 
become tartar. Now let the foreign acid 
be added, fo as to faturate the alkaline 
bafis of die part by the acid of tartar 
before combined with it will flow back 
to the portion j, which already tends 
to it with fo much force, that it imme- 
diately feizes it, and is converted into 
tartar, provided any thing capable of 
weakening the cohefion of the prin- 
ciples in b but in a finall degree be 
added. 

Salt of Seignette fhews the fame 
phaenomena. If a folution of volatile 
alkali be gradually faturated with acid 
of tartar, another fpecies of folxible tar- 
tar will be formed, which is immediate- 

D 2 ly 
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ly clouded by excefs of acid, and a new 
tartar is exhibited, very difficultly fo- 
luble, but, on account of the loofer 
connexion of the principles, more acid 
than the common fort. 

But it is not only tartar which ef- 
fentially requires an excefs of acid. We 
have long been acquainted with feveral 
falts of this kind. Salt of forrel confifts 
of vegetable alkali and a peculiar acid 
in excefs, (XXIV.). So alfo acid of arfe- 
nic, precifely faturated with vegetable 
alkali, cannot be cryftallized ; but if 
there be a proper excefs of acid, we 
eafily obtain beautiful cryftals, (XX.). 
Hence it appears why it has hitherto 
been impoffible to prepare Mr Mac- 
quer*s arfenical fait in a crucible; for 
the neceflary excefs has always been 
expelled by the force of fire. 

DuHAMEL and Grosse have obfer- 
ved, that foluhle tartar may be prepa- 
red 
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l*ed from the abforbent earths, without 
however underftancling the real nature 
of the operation. Now, as upon the 
addition of alkali^ the exccfs of acid is 
faturated, and the whole mafs becomes 
foluble> fo chalk, by abforbing this ex- 
cefs, immediately generates a fait of 
difficult folubility, which of courfe Is 
precipitated^ (XXIII.) ; but when the 
excefs of acid is feparated from the tar- 
tar, nothing but tartarized tartar, which 
is very foluble, remains- 

In 1760, Mr Bauroe publifhed an ex- 
periment highly deferving of attention, 
from which he things it evident, that 
vitriolated tartar may be totally de- 
compofed by nitrous acid in the humid 
way. By this inftance, in the opinion 
of fome modem writers, reciprocal af- 
finities are proved beyond all doubt j 
but a clofer examination will diflipate 
the whole ambiguity. It is- therefore 
to be obferved, i^, That vitriolated tar- 

D 3 tar, 
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tar, diflblved in water, may be cryftal- 
lized by eraporation, after the addition 
of a quantity of con<jentrated vitriolic 
acid, equal to one third of the fait. The 
cryftals, with the acceflion of one third 
of their weight, remain dry, notwith- 
ftanding they are acid. More acid af- 
fords a deliquefcent fait. The excefs 
^ of acid cannot eafily be driven off by 
diftiUation in a retort ; thi^ end may 
be more readily obtained by fufion 
in a crucible. Repeated cryftalliza- 
tions are of no avail. Wafliing with 
highly redified fpirit of wine is the 
beft method of edulcoration. 2dlyj 
We know, that vitriolic acid in proper 
quantity completely decompofes nitre 
even in the moift way, whence its fu- 
y perior power of attradtion is evident. 

There is here, therefore, no occafion 
for a diftindlion between the dry and 
the moift way. 3^/y, A third part on- 
ly, or a very little more, of vitriolated 
tartar, diflblved in ftrong and hot ni- 
trous acid, is decompofed, whatever 

quantity 
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quantity of the ^cid be employed. 
i^ly^ There is ho occafion to apply 
heat, or ufe concentrated nitrous acid 5 
fpr to a portion fo much diluted that it 
emitted no fumes, I added a large quan- 
tity of powdered vitriolated tartar, fet 
it in a cool place for thirty-fix hours, 
and then poured off the liquor ; from 
which highly reAified fpirit of wine 
precipitated a white powder, which be- 
ing colleAed and dried, proved to bef 
real nitre; and it deferves to be remark- 
ed, that the vitriolated tartar which was 
not decorfipofed, was fo foluble by the 
aid of the fuperfluous acid, as to be 
fcarce feparable by fpirit of wine^ 
Sthly^ Vitriolated tartar, with a proper 
excefs of acid, as that in obferv. i. is 
not at all changed by the moft concen- 
trated nitrous acid. It is fcarce fufE- 
cient to moiften the vitriolated tartar 
in powder with vitriolic acid ; they 
muft be diflblved together in hot water/ 
dtblyy Not only the nitrous, but the ma- 
rine, the tartareous, and perhaps many 

D 4 other 
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other acids, in like manner decompofe 
vitriolated tartar. Glauber's fait, or 
vitmilated mineral alkali, is alfo totally 
foluble in marine acid ; but about a 
third part only is decompofed, as Mr 
Kirwan has obferved. ythly. Two thirds 
of the vitriolated tartar, which remain 
unchanged, form cryftals with the ex- 
cefs of vitriolic acid, of the fame nature 
with thofe which are procured in the 
■way mentioned in the firft of thefe con- 
liderations. 

If we weigh thefe obfervations, it 
will plainly appear that the fame thing 
happens in the prefect cafe, as in that 
of tartarized tartar. Suppofe b to be 
fuch a portion of the vitriolated tartar, 
as to contain exactly that excefs, which 
the other portion a can receive. Ni- 
trous acid of itfelf cannot deprive the 
vitriolic of its balls ; but a attracting 
it at the fame time, fo far diminifties , 
the reliilance, that the nitrous is able 



r 
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to feize the alkaline bafis of b^ but its 
power is confined to certain limits. 
Suppofe the vitriolated tartar to befdi- 
yided into two parts, one of which af- 
fords its bafis to the nitrous acid, and 
the other is not decompofed. We have 
here three powers : let that by which 
the part of the vitriolated tartar re- 
maining entire attracts a determinate 
excefs of acid, be called A ; B, that by 
which the part to be decompofed en- 
deavours to retain its bafis ; and, laftly, 
C the force of attraction of the nitrous 
acid to the fame bafis, it is obvious 
that no decompofition can be efFeded, 
if A + C< B, or if A + C = B ', but if 
A + C > B,it immediately takes place. 

What has been faid concerning the 
fblution of vitriolated tartar in nitrous 
acid, is in like manner applicable to 
Glauber's fait, fecret fal ammoniac,' 
and perhaps many others, fo that thofe 
decompofitions cannot be deduced from 

the 
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the prefence of phlogiilon, in the alka- 
line fait. Concentrated folutions of 
nit^e and digeftive fait yield, upon the 
addition of acid of tartar, a real tartar, 
for the reafons above aflignedj but 
quadrangular nitre and fea fait, of 
which the bails, mineral alkali, has a 
far different attradlion for acid of tar- 
tar, afford no precipitation in experi- 
ments of this kind. 

Several apparent exceptions origi- 
nate from the removal or diminution 
of excefs of acid ; for various fub- 
ftances produce, with certain men- 
ftruums, falts fb difficult of folutipn, 
that they cannot be held fufpended 
without fome excefs. Thus lime is fo- 
luble in abundant acid of arfenic ; but 
cauftic volatile alkali, magnefia, lime it- 
felf, and, in fhort, whatever is capable 
of abforbing the abundant acid, imncie- 
diately produces precipitation. If any 
one Ihould hence conckide that lime is 

expelled 
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expelled by cauftic volatile alkali and 
magnefia, he is certainly deceived, and 
ought likewife to maintain, that thlb is 
done by the lime itfelf. The preci- 
pitate, when examined, does no,t ex- 
hibit lime alone, but lime faturated 
with arfenical acid, which fufficiently 
explains the nature of the operation. 
The fame phaenomena occur with lime 
diflblved in phofphoric acid, and with 
many other fubftances of difficult fo- 
lubility. 

Almoft all the metallic falts redden 
tindlure of tumfole j and the excefs 
can fcarce be removed without deftroy- 
ing the fait. 

But it is not the acids alone which 
fometimes exceed the limits of fatura- 
tion; this is likewife true of the faline, 
earthy and metallic bafis. Borax, how- 
ever well purified, exhibits clear marks 
of abundant alkali, and ftill requires 

about 
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about an equal weight of fedative falt^ 
to be completely faturated. Why the 
arfbnical acid, though perfedlly fatu- 
rated with vegetable alkali, Ihould yet 
expel the acid of nitre in diftillation, 
I have already Ihewn, (VI.) ; but I may 
here add that the acid of arfenic like- 
wife attradts an excefs of alkali, when 
circumftances allow, and this force xm- 
doubtedly promotes the feparation. On 
the fame principles, the acid of arfenic, 
exadtly faturated with vegetable alkali, 
decompofes liver of fulphur and foap, 
as Mr Scheele has difcovered. In alum 
there is an excefs of acid, fo that it 
reddens turnfole, and is capable of re- 
ceiving a ftill greater excefs, and re- 
ciprocally of being combined with its 
own bafis beyond the bounds of fatura- 
tion. The calx of lead may alfo be 
combined in excefs with plumbum cor- 
neum, and faccharum faturni. Tur- 
bith mineral and powder of algaroth 
have an excefs of their bafis, and, after 

the" 
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the moft careful waftiing, yield, on dl- 
ftillation, a portion of acid. I omit 
ather inftances ; and from thofe which 
have been adduced, I think it evident 
that the doArine concerning a deter- 
minate excefs of one or other of the 
ingredients, is not only not abfurd, but 
that it adually takes place on many oc- 
cafions. The excefs commonly ad- 
heres lefs firmly than the portion re- 
quifite for faturation, and therefore in 
many inftances may be eafily removed, 
but it is not on this account the lefs 
real. There is in thefe cafes, as I have 
before remarked, an attraction between 
the faturated fait, and a determinate 
excefs of the acid or the bafis. Per- 
haps fuch an attradtion takes place ixi 
all compound falts, and fometimes the 
power which attracts the acid, and at 
others, that which attracts the bafis, 
may prevail, though we are as yet ac- 
quainted with only a few inftances. It 
is alfb probable that the faline particles, 

whea 
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when diilblved, can admit of a greater 
excefs than when in a concrete ftate ; 
at leaft, fuch is their relation to the 
n^atter of heat, a fubftance far more 
fubtile, for when they coalefce after 
they have been feparated, they part 
with a certain portion which they at- 
tract; when diilblved. A new field 
opens here before us, as yet unculti- 
vated, aT3id indeed fufEciently difficult, 
fincc the attra<Sioa of compounds is 
weaker and fbmetimes fcarce percep- 
tible J fometimes, however, remarkable 
phsenomena are to be derived from 
them alone. Let mercury, for inftance, 
be digefted in an equal weight of ni- 
trous acid, with fuch a degree of heat 
as will prevent cryftallization. At 
firft the metal is taken up with effer- 
vefcence ia the common manner, but 
at length the generation of bubbles 
ceafes, nor does any nitrous air arife, 
though in the mean time njoft of 
the mercury infenfibly difappears. In 

this 
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this experiment, ordinary nitrated mer- 
cury, with a calcined bafis, is formed, 
and this is afterwards faturated with 
mercury, that retains its phlogifton. If 
a folution of fea* fait be added to a fo- 
lution of this fait, a white powder is 
precipitated, which is real mercurius 
dulcis, and which in the laft Swedifh 
Pharmacopoeia is directed to be pre- 
pared in this way *. When the mix- 
ture is made,^ the marine acid attra<3:s 
the calcined mercury, and forms cor- 
rofive fiiblimate, which immediately 
feizing the complete mercury, becomes 
perfe^ly mild 5 nor does any thing elfe 
happen when calomel is prepared in 
the dry way. 



X. 
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X. 



How we are to deUrmine * the Jingle EleSive 
AttraSions. 

After this view of the difficulties 
which may occur, let us haften to our 
fubjedt. Suppofe a^ b, r, d, &c. to be 
different fiibftances, of which the at- 
tractive forces for A are to be afcer* 
tained. 

A»] Let Ad^ (i. e. A faturated with 
//,) be diffolved in diftilled water, and 
then add a fmall quantity of r, which 
may either be foluble in water by itfelf 
or not, Firft let it be foluble j then a 
concentrated folution ought to be em- 
ployed, which, when dropped into a fo- 
lution of Ady fometimes immediately 
affords a precipitate, which, being col- 
led:ed and wafhed, either proves to be 
a new combination, Ac^ with peculiar 

properties, 
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properties, or d is extruded, or fome- 
times both. It now remains to be exa- 
mined, whethier the whole of d can be 
diflodged by a fiifficient quantity of c 
from its former union. It fhould be 
carefully noted in general, that there is 
occafion for twice, thrice, nay fome- 
times fix times the quantity of the de- 
component Cy than is neceflary for fatu- 
rating A when uncombined. If c efFe6t 
no feparation, not even in feveral hours, 
let the liquor (land to cryftallize, or at 
leaft become dry by a fpontaneous eva- 
poration ; high degrees of heat muft be 
avoided, left they difturb the affinities, 
(IV.). Here the knowledge of the 
form, tafte, folubility, tendency to ef- 
florefce, and other properties, even thofe 
which, in other refpe^s, appear of no 
confequence, of the fubftances, is of 
great ufe in enabling us to judge fafely 
and readily, whether any, and what de- 
compofition has taken place. Some- 
times the difengaged fubftance, whether 

E that 
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that which was added or expelled, gives 
the operator much trouble, by conceal- 
ing the genuine properties of the other, 
and therefore, if poJiible, fliould be re- 
moved, according to circumftances, 
either by water or fpirit of wine. 

Next, fuppofe c to be infoluble, as, 
for inftance, a metal, let a bright and 
clean plate of it be put into the folution 
oi Ady and let it be obferved, whether 
any thing is precipitated. By putting 
feveral laminse in fucceflion, we find at 
lafl whether a part only of d^ or the 
whole, is feparated. Sometimes no de- 
compofition is effected, though the fur- 
face of the metal fhould have been late- 
ly filed, unlefs there be a fmall excefs 
of acid ; and as far as I have hitherto 
been able to colled:, it is not always 
of confequence that the fuperfluous acid 
fhould be of the fame nature as that 
w^hich Ad contains or not. 



If 
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If only one of the compounds Ad 
and ^r be foluble in highly rectified 
ipirit of wine, there Is fcarce ^ny need 
of evaporation j for if the mixturd be 
made, and left a few hours at reft, and 
then fpirit of wine be added, that 
which cannot be diflblved in it is fepa- 
rated. 

The fmell alfo often indicates what 
is taking place. Thus, vinegar, acid of 
ants, of fait, nitre, volatile alkali, are 
eafily diftinguifhed when fet free. The 
tafte likewife often informs an experi- 
enced tongue. 

b.] Let Ad then be treated with h 
and ay &c« feparately in the fame man- 
ner. 

c] In like mstniier, let Acy Aby Aay 
be examined in their order. 

E 2 " By 
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By fuch an examination properly 
conducted, the order of attra6tions is 

» 

difcovered. This tafk, Howerer, exer- 
cifes all the patience, and diligence, and 
accuracy, and knowledge, and experi- 
ence of the chemift. Let us fiippofe 
only a feries of five terms, a, hy Cy dy and 
Cy to be examined with refpedt to Ay 
twenty different experiments are requi- 
fite, of which each involves feveral 
others : a feries of ten terms requires 
ninety experiments, and, in general, if 
a be the number of the feries, n. n — i 
will be the number of experiments. 

//.] In like manner, each compound 
with Uy Cy by fliould be examined in the 
dry way ; but it muft be in a crucible, 
or, if pofUble, in a retort heated to 
incandefcence, that the volatile part 
may be collected at the fame time. 

Such, in general, is the method which 
I have followed i the continuance of 

this 
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this labour will perhaps difcover vari- 
ous {horter paths, which will at leaft be 
convenient in certain cafes. But we 
ihould be cautious in guarding againft 
fallacies ariling from the apparent ex- 
ceptions above defcribed. 



XI. 



The necejityfor a new Ttable of AttraRions. 

Th£ tables which we have at pre- 
fent contain only a few fubftances, and 
each of thefe compared only with a few 
others. This is ho reproach to the au- 
thors of them, for the taik is laborious 
and long. Although, therefore, I have 
been employed upon it with all the di- 
ligence I could exert, and as much as 
my many other engagements would per- 
mit, yet I am very far from venturing 
to aflert, that that which I offer is per- 
fed, fince I know with certainty, that 

E 3 the 
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the flight iketch now propofed will re- 
quire above 30,000 exad: experiments, 
before it can be brought to any degree 
of perfeAiori. But when I reflected 
on the fhortnefs of life, and the infla- 
bility of health, I refolved to publifh 
my obfervations, however defective, 
left they fhould perifh with my papers, 
and I fhall relate them as briefly as pof-r 
fible. In itfelf it is of fmall confe- 
quence by whom fcience is enriched ; 
whether the truths belonging to it are 
difcovered by me or by another. Mean- 
while, if God fliall grant me life, health, 
and the neceflary leifure, I will perfe- 
vere in the taik which I have begun. 
I ftiall now explain the end I had in 
view, and my plan ; fliould they be. ap- 
proved by the mafters of the fcience, I 
hope that many will lend me their 
iiiliftancc, for it is eafier to accomplifli 
one or two columns, than to bring all 
to porfcdtion : I exhibit a great num- 
l)er of the more Ample fubftances which 

occur 
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occur in chemiftry. Many of thefe are 
not only compoundedj but af e eafily re- 
folved into their proximate principles, 
fuch as hepar, fulphur, the imperfect: 
metals, <6*^. ; but they do not come in- 
to view here, but inafmuch as they ef- 
fect compofition and decompofition in 
their entire ftate ; but when their proxi- 
mate conftituent parts are feparated, 
double attractions take place, which are 
not confidered in this table. 

Moreover, I have inferted many 
lately difcovered, of uncertain origin 
and compofition, fuch as the acids of 
fluor, arfenic, tartar, fugar, and forrel \ of 
earths, magnefia and terra ponderofa j 
of metals, platina, nickle, manganefe, 
and fiderite, of which more in the place 
belonging to each. In the obfcurity of 
their origin, thefe fubftances agree with 
others that have been the longeft known. 
Should they be derived from others, 
they ought Aot, on this account, to be 

E 4 excluded^ 
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excluded, for they are now different, 
have conilant properties, csercife their 
attractive powers without decompofi- 
tion, and can at pleafure be obtained 
perfe6;ly alike. It is therefore proper 
to inquire into their powers. Every 
fubftance that we employ is probably 
compounded, and although we are at 
prefeiit ig-norant of its principles, they 
may hereafter be deteded. 

The upper flratum of the table, if I 
may fo call it, contains fifty-nine red:- 
anglcs horizontally placed, which exhi- 
bit fifty-nine difFerent fubftances, de- 
noted by figns formerly in ufe, or by 
new ones, which I ftiall now therefore 
enumerate in the order of the adjacent 
numbers, for there is fcarce any one \i\ 
the following whicii does not appear in 
the firft : i. Is vitriolic acid j 2. Phlo- 
gifticated vitriolic acid ; 3. Nitrous 
acid; 4. PhlogilUcatcd nitrous acid; 
5. Muriatic acid; 6. Dephlogifticated 
muriatic 
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muriatic acid j 7. Aqua regia j 8, Fluor 
jacid J 9. Arfenical acid ; xb. Acid of 
borax; 11. Acid of fugar; 12. Acid of 
tartar ; 13. Acid of forrel ; 14. Acid of 
lemon ^ 15. Acid of benzoin ; 16. Acid 
of amber ; 17. Acid of fugar of milk ; 
18. Diftilled vinegar 519. Acid of milk ; 
20. Acid of ants; 21. Acid of fat; 
22. Aqid of phofphorus ; 23. Acidum 
perlatum ; 24. Acid of Pruflian blue 5 
25. Aerial acid ; 26. iPure fixed vege- 
table alkali ; 27. Pure fixed mineral al- 
kali ; 28. Pure volatile alkali ; 29. Pure 
ponderous earth ; 30. Pure lime ; 
31. Pure magnefia; 32. Pure clay; 
33. Pure filiceous earth ; 34. Water ; 
35. Vital air; 36. Phlogifl:on; 37. Mat- 
ter of heat ; 38. Sulphur ; 39. Saline 
liver of fulphur ; 40. Alcohol ; 41* M- 
ther ; 42. Eflential oil ; 43. Uncfluous 
oil; 44. Gold; 45. Platina; 46. Sil- 
ver; 47. Mercury ; 48. Lead ; 49. Cop- 
per ; 50. Iron ; 51. Tin; 52. Bifinuth; 
53. Nrckle ; 54. Arfenic ; $$. Cobalt ; 

56. 
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been thought to difclofe the ftrufturc 
of this acid ; but they are, if I miflake 
not, to be underftood in a different 
manner. Sulphur, when burned in a 
veflel filled with atmofpheric air, and 
clofed by meaus of mercury, abforbi 
a portion of vital air, and yields an acid 
of twice or thrice the weight of the 
burned fulphur. The acid, therefore, is 
fuppofed to have exifted in fulphur, far 
lighter, and without air. The fame thing 
is confirmed by the efflorefcence of ful 
phureous pyrites, which is converted 
into vitriolated iron, not however with- 
out the abforption of a certain portion 
of vital air. To recover the air inhe- 
rent in this acid, vitriolated mercury is 
reduced in a pneumatic apparatus by 
the aid of fire to its metallic form. Du- 
ring this operation, a large quantity of 
vital air, which is fiippofed to enter into 
the compofition of the acid, is collec- 
ted. Of thefe facts the following feeras 
the true explanation. It has been fully 
proved 
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proved by experiments, that every fub- 
ftance has a certain ipecific quantity of 
fire, which yet varies more or lefs in 
one and the fame, according to the dif- 
ferent ftates of folidity, liquidity, and 
fluidity, (XLVIIL). Now the vitriolic 
acid exifls in a folid ilate in fulphur, 
but, on deflagration, deliquefces, and 
therefore recovers the heat proper to its 
liquid ftate. The fpecific l^eat of ful- 
phur is to that of vitriolic acid as o, 183 
to o, 758, that is, nearly as i : 4* But 
the acid extricated in this experiment 
contains very little water, only the 
quantity indifpenfably necellary to flui- 
dity, which it attracts from the air and 
the mercury, that almoft always con- 
tain it. But the lefs water the acid 
contains, the lefs is its fpecific heat, 
and it undoubtedly, in this cafe, is be- 
low o, 758 : let us fuppofe it to be 
0, 549, and thus the proportion will be 
changed to i : 3. It follows, then, that the 
vital air enters into the compofition of the 

fpecific 
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fpecific fire. It is evident, that it lofes 
^ its aerial form during the combination, 
which it cannot regain without a decom- 
pofition, fince, in other experiments, ic 
may be expelled from acids by alkalis 
and other faturating fub fiances, jn the 
fame manner as the aerial acid out of 
chalk J but the heat only is fet at liber- 
ty, and no part of the vital air. That 
which appears in the reduction of vi- 
triolated mercury perhaps arifes from 
decompofed heat, as we fhall more 
clearly fee in XLVIII. The principles 
of vitriolic acid have not yet therefore 
been fatisfadorily fet loofe ; for as to the 
matter of heat, it exifts in every body 
yet known. 

Among the fubftances hitherto tried^ 
vitriolic acid adheres mofl: tenacioufly 
to 

2.] Caujiic terra ponderofay which, when 
' added to a folution of vitriolated tartar, 

generates 
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alkali and all the metals from vltrioli 
acid. 

6.] Caiiftic magnefia added to a folu- 
tion of fecret fal ammoniac, feems to 
produce no change which is fenlible to 
the fmell j but if the mixture be kept 
for a few days in a clofe phial, a diftintfl 
Imell of volatile alkali will be perceived 
on opening it. The difference how- 
ever of force is very fmall ; fo that the 
fmalleft diminution of that of the for- 
mer, or increafe of that of the latter, 
inverts the attraftions. Hence a preci- 
pitation of vitriolated magnelia is often 
effedted by cauftic volatile alkali : for 
the alkali cannot eafily be obtained 
quite pure, being either, on the one 
hand, contaminated by a fmall quantity 
of aerial acid, or, on the other, by 
quicklime, either of which efFedls a fe- 
paration, the former by means of a. 
double (v.), the latter by a lingle at- 
tradioD. But the chief and perpetual 
caui^ 
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caufe of precipitation, is the formation 
of a triple fait, more difficult of folution, 
as we have before explained, (VIII.)» 



« « 



7.] Caujiic volatile alkali precipitates 
clay from vitriolic acid, and zinc like- 
wife, unlefs it be added in fufEcient 
quantity to rediflblve the precipitate, 
(VIL). The fame caution is applicable 
to the other metals ; but there will be 
no ambiguity in the refult, if the metal 
be infoluble in the precipitate. See alfo 
what is faid of volatile alkali in XVL 
and XXXIX. 

8.] Pure clay J i. e. earth of alum, long 
digefted in alkaline water, and then 
well edulcorated. I have already treat- 
ed at fufEcient length concerning the 
precipitation of alum by zinc, iron, and 
fome other metals, (VL). But the me- 
tallic calces feem to have the fame de- 
gree of attraction for acids as clay, at 
leaft I have in vain tried to decompofe 

F vitrio- 
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vitriol of copper by clay ; and recipror 
cally calx of copper tinges a folutioft 
of alum, and a white fediment is depofi* 
ted J but this effeft, as I have before 
explained, is owing to escefs of acid, 

9. — 23.] This fpace perhaps belongs 
to the metallic calces. In all the table* 
of attractions which have been publilh. 
ed, and even in that which 1 offered 
to the world in 1775, the metals were 
placed in the columns of the acids j 
but upon farther refletftion, I am forced 
to exclude them. That thefe fub- 
ftances are attracted and diflblved by 
acids, is known even to beginners ; but 
let it be remembered that they are not, 
as was fuppofed, taken up entire, and 
in their complete form by menftrua: 
for fbme particles of the acid carry o|F 
the fuperfluous phloglflon, while others- 
diflblve the calcined metal. Since 
therefore they exift in the menftmum 
mutilated, and in a great meafure de- 
prived 



l_^ 
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|*ll^ of oiife 6f tftytir principles, tfeton^ 
dfti6friiiideT .-^rhfeh the procefs may Be 
rgffei-tfed to fiftgfe attriaftion», does not 
eiift. HlthetWthe pi'edpitations of me-« 
feafe by mctab have been ill underftood. 
WHfeft lebfetVedaiiaAy years agb, for the 
fitft tirhe, that the feries of the metals 
W4s the fartie with ref^ed^ to all the 
aeitfe, I X*«as ftnitk with great fotprife at 
thfc' coittcideikifc, coA-fiderihg in how ma- 
Hf pattittulati earths ind alkalis differ" 
i#kh tfegatd to theffi. I therefore b^- 
gaft to etttfertiia ^fofpicioii, that the 
prifteJj>itatioil of metals depended, not 
oti the elfe«5liioA of the acids, but on 
{ome other priilciple, which I now cer- 
faitdy know to be the attradive power 
of tfte diflblved calees for the phlo- 
gifton of the precipitating metal. I 
have elfewhei*e treated of this fubjedl *, 
and fhall fay more upon it in .the 
fequel, (XLVIL). Complete metak 
therefore are properly excluded, but 

F 2 are 

♦ Die de phlogifli quantitatc in div. metallis, § 2. 
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arc the calces alfo to be fet afide ? They 
are really diflblvetl ^ and it feems agree- 
able to the nature of things to fuppofe, 
that the feme acid would find fome 
difference in fisteen different calces, 
in confequence of which it would pre- 
fer fome to others. But as reafoning 
is fallacious, without the teftimony of 
experience, 1 performed experiments 
with the calces, efpecially with thofe 
of filver and copper. I firft procured 
as faturated a folution of filver in the - 
nitrous acid as polEble, which I could 
not indeed bring to fuch exadnefs 
that it would not redden tumible ; but 
the excefs can fcarce be taken away 
without the precipitation of the me- 
tallic lalt. To this folution I added 
copper calcined by fire, and expofed it 
to a heat of digeftion for feveral days ; 
but though it was only very flowly 
dillblved, and the colour of the liquor 
changed to a blue, no figus of precipi- 
tation appeared. Another folution of 
filver, 
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iilver, equally faturated, diflblved that 
calx of merdury which is ufually called 
precipitate /i?r 7^, without any diminu- 
tion of its traniparency. I afterwards 
faturated nitrous acid with copper, and 
added the calx of filver precipitated 
by cauftic fixed alkali ; here there was 
only an inconfiderable folution, and 
no precipitation at all. It feems, there- 
fore, that an acid takes up calcined 
metals without diftindlion, provided 
they have loft a certain quantity of 
phlogifton; for more or lefs of this 
principle makes a remarkable difference 
in fome cafes. Befides, when the ni- 
trous acid is ufed, it fometimes hap- 
pens that a calx, in a proper ftate, 
is gradually deprived of its phlogifton 
beyond the determinate limit, and then 
it is immediately rejecSted. Such events, 
proceeding from the peculiar nature 
of certain fuhftarices, muft be carefully 
obferved, left erroneous conelufions 
ihould be drawn. I have before ob- 

F 3 fervedj 
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* 

ferved, that the calces attTOf^ ^ach Q« 
ther, particulftrjiy je^pfe of zip^c gn4 c^^ 
per *. Tlvefe cyoHnj^inatioi^s, yrji^en ^if- ' 
folved in the fame acid, pr^p^duc^, ^Hh'* 
put doubtj triple f&lts, wl^kh dd^UW 
farther ex^mlng^Qn. 

I havjp ifitfejrtQd the metallic <jal:<c u» 
the order ip whiqfe ^ey are: jtfwsiljy 
precipitated, fiace it may not be with- 
out ufe to be acquainted with it ; but 
I have obliterated the horizontai lines^ 
in order to fhew that the acids ha^e 
not yet been found to poflfefs any power 
of feledion* 

24.] I here place water, fince it diC 
folves moft of the vitriols, and reftores 
them unchanged. I am aware, indeed, 
that mercury, tin, bifmuth, and anti- 
mony, are feparated from the vitriolic 
acid, upon the addition of water ; but 
it fhould be obferved, at the fame time, 

that 

* Jbid. \ 5, d. 
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that a large quantity is requifite, which 
firft carries off the excefs of acid elpe- 
cially neceffary to thcfe falts, and more 
flightly adhering to them, and then by 
the concurrence of heat feizes the re- 
mainder ; but a proper quantity does 
not render the fohitions turbid. We 
know that the vitriolic acid cannot be 
perfedlly deprived of its fuperfluous 
water by boiling, but that it retains 
more than one-^fifth of its weight ; which 
therefore is the leaft poflible quantity 
in metallic folutions. But by a fufEci- 
ent quantity of water, and in a certain 
tength of time, all the vitriols perhaps 
maybe decomposed j in which cafe ano- 
ther place fliould be afllgned to it, un- 
lefs fome other caufe exerts its influ- 
ence at the fame time. 

25.] Phlogifton comes laft, to which, 
however, fome of the moderns give the 
firft f lace 5 but I am as yet unacquaint- 
ed with any experiment from which 

F4 it 
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it can be fafely concluded that phlo- 
gifton, in the humid way, and by at- 
tracting the acid, is capable of decom- 
pofing either neutral or middle falts, 
whether earthy or metallic. It is in- 
deed flrongly attracted by the vitriolic 
acid, as appears from the dark colour 
which it contrails from the fmalleft 
portion of oily matter, whether this be 
uncombined or intimately united with 
fome other fubftance ; however, a fuiH- 
cient quantity of water both prevents 
the ofFufcation, and removes it when 
it has been long prefent. Moreover, this 
acid, though in the mofl concentrated 
ftate, does not affe<!t the phlogifton of 
charcoal, except by means of a proper 
degree of heat. Metals put into the 
vitriolic acid, lofe a certain portion of 
phlogifton, but this is the effetft of 
heat ; at leaft, of that degree which is 
excited by the folution j and I have be- 
fore obferved that this privation is ne- 
ceflar 



r* ■ 
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ceflary to folution, (V.) and ihall bring 
farther proof in XIII. 

31.] In the dry way, pblogifton oc- 
cupies the firft place, for vitriolated 
tartar, Glauber's fait, ponderous Ipar, 
and gyp{3u,m, lofe their acid by the in- 
tervention of the inflammable principle 
of charcoal, and a fufEcient heat. 

32»] It is probable, that /^rr J ponde^ 
rofa decompofes vitriolated tartar in 
this way j it remains, however, to be 
confirmed by experiment. 

33.] Vegetable alkali expels the vo- 
latile. 

34.] So does mineral alkali \ but 
whether the latter yields to the vege- 
table has not yet been examined. 



35.] Ume, as well as 



36.] 



oo On EleBtve Attra&ions. 

36.] €attjiie magnefta deprives fecret 
fal ammoniac of its acid. 

37.] All the ntetaU probably, or ra- 
ther their ralces, expel the cauftic vo- 
latile alkali. Experiments faave been 
iriade with lead, tin, copper, iron, 6*^ . 

38.] Volat'di alkali, 

39.] Bute clay cannot detach the a^ 
cids from ammoniacai falts, ' 



XIII. 

Column Second^ the Pblogijlicated Vitriolic 
Acid. 

It was an emphatical and juft obfer- 
vation of the ancients, that phlogifton 
lent wings to vitriolic acid, which, 
though it requires an int^nfe heat to 
be fublimed before its union with phlo- 

gifton^. 
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giflon, a£t:erwards evaporates ipontane* 
oxdkj. The effefts, however, vary 
wondeffully, accof ding to the difTesent 
proportions. For the acid, when fully 
-Ikturated, conftitutes common fulphur ; 
if it be combined with a finaller quan- 
tity, it generates aeriform vkriolic a- 
cid, ^nown likewise by the name of vi- 
triolic acid air, which, when coUefted 
in merciiury , cannot be conden&d into, a li-* 
q«idbycold; i« very light, not exceeding 
000^^46 in fpecific gravity. It immedi- 
ately diffolves camphor, and extinguifh- 
es flame. An hundred grains of di- 
Hilled water, fcarce take up five of 
this aeriform acid ; and I call this li- 
quor, for the fake of diftincftion, ^j&/!7^/- 
fikated vitriolic acid. This acid freezes 
in the femte temperature as pure water \ 
and what is remarkable, the acid ela- 
ftjc fluid remains in the ice, though in 
open veflels . it forfakes the water. 
What is highly worthy of notice, is, 
that if it be expofed to heat in a tube 

hermetically 
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hermetically fealed for twenty days, a 
fmall quantity of fulphur is feparated. 
Has the decern pofition of heat any 
Ihare in this phaenomenon ? 



The vitriolic acid, by the aid of fire, 
and properly treated, may be phlogifti- 
cated by moft fubftances containing the 
inflammable principle ; but it cannot 
be reduced to this ftate by means of 
aerial acid. The phlogifton, in thefe 
operations, works wonderful changes, 
for a very fixed, heavy, inodorous, a- 
crid liquor, becomes elaflic, light, and 
fo volatile, that its very penetrating 
fmell threatens fuffocation, and more™ 
over fo weak, that veg^able acid at- 
tracts alkali from it. I have not yet 
learned from experiment, whether there 
hence arifes any variation in the elec- 
tive attra^ions, I know that it dif- 
folves alkalis ; that cauftic fixed alkali, 
and pure lime expel volatile alkali ; 
and alfO) that lime-water precipitates 
magiiefi 
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magnefia ; and till the order of the 6- 
ther fubftances Ihall have b^en afcer- 
tainedy I follow the fame as in the pre- 
ceding column. The neutral and 
middle earthy falts, formed by this a- 
cid, differ a little in figure, tafte, and 
other properties, from thofe which con- 
tain pure vitriolic acid ; the difference, 
however, difappears in time, for the 
phlogiflon gradually flies off. 

But as all metals, in order to be fo- 
luble, mufl be deprived of a determi- 
nate portion of phlogiflon, which, for 
each, is various, (for none can be taken 
up in its reguline flate by vitriolic acid, 
without the feparation either of inflam- 
mable air, or aeriform acid ; while, on 
the contrary, each, when deprived of a 
certain portion of phlogiflon, is not only 
more eafily diflblved without any farther 
lofs of phlogiflon, but likewife afford the 
fame vitriols as in the preceding cafe ;) 
hence it neceffarily follows, that the 

phlogiflicated 
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phlogifticated vitriolic acid fhould re- 
jeift them; and there are fome esperf J 
ments from which it would appear thac 
: really is fo. Zinc, which is quickly 
'difTolTcd in diluted vitriolic acid, is 
changed, by the fame acid properly 
phlogifticated, into a white powder, 
which feems neither to be taken up by 
vitriolic nor marine acid. Each par- 
ticle of the meaftruum muft be loaded 
with phlogifton, otherwife thofe which 
are free from it ad: at firft in the ufual 
way J but when they are faturated, fotu- 
tion ceafes. It is faid, that, by the aid 
of heat, the zinc is attacked, and that 
a quantity of inflammable air is extri- 
cated ; but 1 have not yet fcen this. 
Flowers of zinc are taken up by 
the phlogillicated acid. Iron agrees 
with zinc, except that when it is too 
much calcined, it is fcarce foluble. 
Copper is not vifibly changed in this 
menftruum. Metallic precipitates pro- 
cured by alkalis are by no means to be 
confidered 
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confidered as reguli minutely divided ; 
for they are more or lefe deprived of 
pfalogifton^ as appears part}y from what 
has been faid above, . and partly fronk 
the fediments thrown down by any me^' 
tal ufed as a precipitant \ which di^r 
from the former both in iplendour and 
nature; I have therefore no doubt but 
phlogifticated vitriolic acid will diC» 
folve metals properly calcined ; bat I 
confef^, that the particular phainomena 
have not been examined with proper 
attention. This volatile menftnium 
cannot be fubjecSted to experiments in 
the dry way. 



XIV. 

Column I'hird^ Nitrous Acid. 

I.] This acid, like wife, feems to have 
fuch firmnefs of ftrudlure, that its prin- 
ciples have not hitherto been afcertain- 

ed. 
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ed*, Expofed to the fire with various 
fubftances, it yields a great quantity of 
vital air ; but it remains as yet doubt-* 
fill whether the air exifted uncombined 
ip the acid, or is formed by its being fiif- 
ficiently phlogifticated. This queftion 
will be difcufled hereafter, (XLVL)# 
It exerts its eledive attractions nearly 
in the fame order as the vitriolic acid. 

2.] Caujiic ponderous earth cannot be 
feparated from nitrous acid by the cau- 
ftic vegetable alkali. When the aerial 
acid is prefent, it is precipitated in 
confequence of a double attraction j but 
if there be too much, it will be redif- 
folved. 



3.] 

* The Count de Saluces politely Tent me his letter on 
the generation of nitre, but he has not yet publifhed his 
proportions, and I have not therefore had the fatisfadion 
of obferving this fpedacle. Mr Thouvenel, too, has very 
lately obtained the prize from the Parifian Academy, 
for procuring nitrous acid from atmofpheric air and pu- 
trid vapour. 
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3.] Gauftic vegetable alkali decompo- 
fes quadrangular nitre/ and forms prif- 
matic. 

^ 

4«j Caufiic miner at alkali precipitates 
nitrated lime. 

5.] Lime precipitates nitrated mag- 
nefia. 

6.] Caujlic magnejia expels the vola- 
tile alkali from nitrum flammansi 

■ . « .• 

. 7.] Cauftic volatile alkali precipitates 
clay, ziric, and the reft of the metals. 

8.] The place of pure clay^ as alfo of 
the fubftances which follow has not 
been fufficiently determined. 

^ 9. — 244] The metals properly calci- 
ned* 

O 25.3 
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25.] Water feems to prevent the ac- 
ceffion of phlogifton. The acid juft ex- 
pelled from nitre, by vitriolic acid, con- 
tains about two-thirds of its weight 
of water. 

2 6.] The nitrous acid foon detaches 
from the metals that portion of phlo- 
gifton which impedes folution; and 
when heat is employed, it fometimes 
goes beyond proper bounds, infomuch, 
that being too much calcined, they 
cannot be held in folution. Thus, tin 
and antimony are taken up with vehe- 
mence, but are foon let fall again to the 
bottom. 

In the dry way, the fame order as in 
column firft, as far as I have yet been 
able to learn, \i obferved. Phlogifton 
occupies the firft redangle, for in de- 
tonation the acid forfakes both ponde- 
rous earth and vegetable alkali to u- 
nite with phlogifton. Whether it be 
converted into vital air, I do not here 

enquire, 



w 
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enquire^ but the ihtenfity of die defla^ 
gradon^ even m vacuo^ clearly ihews 
the prefenceof diis air^ which feems to 
be totally converted into heat; for 
nitre^ in detonating with charcoal in 
clofe veilelsy yields fixed and foul air, 
but fcarce any thing fit for (upporting 
i^ition and refpiration. 



Column Fourth^ the Phlogi/iicatfd Nitroui 
A^id. 

Nitrous acid, efpecially when con- 
centrated, eagerly attradts the inflam- 
mable principle, and, when contamina- 
ted with it, emits red vapours, and the 
liquor acquires a reddifh colour, which, 
however, may be fo far driven off by a 
flow diftiUation, that the liquor fball ap- 
pear as limpid as^the cleareil water ; 
fuch an acid is juflly called jtor^. But 

G 2 the 



^y jcen made to dif- 

V .1 :he fmalleft addi- 

. . . even the folar rays 

. jiour, and caufe the 

• rilow fumes, as Mr 

. j.erved. Smoking ni- 

oreover, fiimifhes a fine 

::cTent colours depend up- 

,. -^nt denlity of phlogifton j 

. v.^^:s acid, when red and con- 

be diluted with about a fourth 

. ::s bulk of water, it aflumes a 
. -..rV.l green colour, and yet emits 
..:ric\s ; but an equal, or a greater 
. ,-.\ of water makes it blue, while 
•..\^ or thrice its bulk deftroys all co- 
The red fmoke which rifes fpon- 
^.■: v.coully, or may be driven off by heat, 
j^ic icrves its elaflicity in a clofe veflel, 
.iiul cannot be reduced to a liquid by 
^\)U\ ; it is therefore properly called 
iuriform nitrous acid. It is abforbed by 
Nvatcr, which, with" a certain portion, 
becomes blue ; with a larger, of a beau- 

tiful 
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tiful green j when faturated, is yellow, 
and is then fdund to have received an 
increafe of one-third of its bulk. Such 
are the variations of pblogtfticated nitrous 
acid. The blue fpontaneoufly emits ni» 
trous air, the green fcarce any, and the 
yellow none at all. It well deferves to be 
noticed, that nitrous air fometimes ex- 
ceeds the phlogifticated acid from which 
it has been expelled, tenfold in bulk, 
though water cannot receive above one- 
tejith *. Yellow nitrous acid, expofed 
to heat in a tube hermetically fealed, 
becomes of a more intenfe c<>lour, the 
green or blue is turned yellow j but by 
refrigeration the former hue is brought 
back. When the heat is continued for 
a long time, a colour permanent in the 
cold is acquired ; the tinging matter 
may be expelled in the form of a red 
vapour, and the acid will remain with- 
out colour ; but after refrigeration, the 
vapour again epters into the acid, un- 

G 3 lefs 

* Prieftley. 
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lefs it be changed by a long continued 
heat *. 

The phlogillicated acid diilblves al« 
kalis and metals^ but it adheres to tbc^ 
very loofely, (XXXVIL). A fu^cjent 
quantity of afcid, (Unlfefs it be quite (kr 
turated), in an open veflel, is not much 
prevented by the phlogifton from difibl-* 
ving metals^ for the particles which are 
contaminated, or which attrad this vo- 
latile fubftance, fly off; and moreover, 
this menftnium attacks them on ac- 
count of their inflammable . part, and 
does not take up thofe which are calci-r 
ned beyond certain limits* The calx 
of manganefe, known alfo by the name 
of magnefia nigra, furnifhes an admi- 
rable proof of the efFedts of a certain 
portion of phlogifton ; for this calx 
contains a very fmall quantity of the 
inflammable principle, on which ac- 
count a fcarce fenfible quantity is dif- 

folved 

* Prie/llcyw 
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£blyed by pure nitrous acid, unlefs upon 
the addition of iugar^ honey, or fbme 
pther inflammable fiibftance, capable of 
afibrding the neceflary complement; 
but the phlogifiicated acid perfedkly diA 
folves it. Thefe (blutions precipitated 
by alkalis afibrd a white powder, readily 
fbluble in acids, but which, by heat, is 
turned black, and recovers the proper- 
ties of magnefia nigra j the white fedi- 
ment, therefore, is nothing but the calx 
united with as much phlogifton as is 
neceflary to its folution in pure acids ; 
but the regulus contains a fiiperfluous 
quantity, fince red vapours are formed 
during its iolution in nitrous acid. 
Mercury dillblved m nitrous acid^ in 
the cold, depofits cryftals fpontane- 
ouily ; by cauilic volatile alkali, it is 
precipitated of a black colour, and dif- 
fers in many other refpefts from that 
which, in confequence of the applica- 
tion of heat, has loft more of its phlo- 
gifton. The fame remark is applicable 

G 4 to 
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to iron, and {cumt other metals. Every 
metal indeed rauft be deprived of a per-- 
tion of phlogiftoa; but if this procefs i& 
carried beyond certain limits, either no 
fplution takes place, or one widely dif» 
ferent from a real folution. The or-r 
der of attracftions, not having been £uf- 
ficiently explored by experiment, is ad-» 
jufted according to the preceding orders. 



XVL 

Column Ftfihj the Muriatic Acid. 

!•] The acid of fea fait is nothing 
but water more or lefs combined with 
marine or muriatic air. This air is 
properly denominated aeriform marim 
acid^ of which diftilled water is capable 
of abforbing one half of its weight, and 
then y it Ids phlogijlicated marijic acid. The 
acid recently expelled by vitriolic acid 
from fea fait, commonly contains three- 
fourth^ 
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fourths of watef . This afcid feems to 
exert its attraction in the fame way as 
the preceding, though indeed in fbme 
cafes more obfcurely. 

2.] Ponderous earthy diffolved in ma- 
rine acid, cannot be expelled by pure 
vegetable alkali» 

3.] Pure vegetable alkali expels the 
mineralf (See Scheme 3. and 32.). 

4^] Pure mineral alkali expels lime, 
(Scheme 4,). 

5,] Pure lime feparates magnefia, vo* 
latile alkali, and the metals* 

6.'] Pure magnejia is to be placed before 
volatile alkali, for the reafon before men- 
tioned. The acid, magnefia, and vola- 
tile alkali, in a proper quantity, unite 
and form a triple fait : hence, in order 
to attain the proper proportion, a little 

magnefia 



-J 
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iwu«4 > ihrays feparated on the ad« 
^;u. v'^t»! of the pureft volatile alkali; 
: .* oaiy the quantity neceflary for 



^-juiig this end. 



-«J Pure vda/ilc alkali has no power 
jgainll lime, (Scheme 5.) ; but the aera- 
:eJ precipitates it in confequence of a 
double eledtiye attradlion, (Scheme 36.)* 
It precipitates, metals* 

8.] Claj. 

9. — 24. Metallic calces^. 

25.] fVater. (See XIL)- 

26.'] We Ihall fee in the next para- 
j^raph, the relation of pblogtflon to ma- 
viuo acid. Some of the fubftances ad- 
iluced in the preceding columns are 
>Yauting in thofe which follow, for all 
vannot be diflblved in each menftruum ; 
luit 1 leave the redangles which other- 
wife 
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wife Would belong to them etnpty, that 
the difference may be the more ftri* 
king. 

In the dry way, it may be prelu- 
med, that the fame order is obferved as 
in I. and 3. till experiments fliall have 
fhewn the contrary. Icorifidently pre- 
fume that the volatile metals, both with 
refped: to one another, and thofe which 
are fixed, have by no means the fame 
aftion as in the humid way. Corro^ 
five fublimate is decompofed by all the 
acids, in confequence of a double elec- 
tive attraction, as was above explained 
with refped: to antimony j and this alfb 
is without doubt the cafe with lead, 
filver, and other metals faturated with 
acid of fait, which, when diftilled with 
antimony, yield butter of antimony. 
If we are unacquainted with this caufe, 
thofe experiments of Mr Pott, which 
fhew that cbrrofive fublimate yields a 
butter with regulus of arfenic, and that, 

on 
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on the other hand, not ' a grain is ob- 
tained with white arfenic, are abfolute- 
ly unintelligible ; but, when we are ac- 
quainted with it, there remains no ob- 
fcurity in thefe phaenomena. 



XVII. 

Column Sixth y the Depblogijlicated Marine 
Acid. 

The illuftrious Stahl reckons phlogi- 
flon among the proximate principles of 
the nitrous acid. All the experiments 
which have been lince made, fhew, 
that this acid attracts the inflammable 
principle with great avidity j but we 
cannot hence draw any conclufion with 
refped: to its compofition, unlcfs we 
are to believe an axiom In mod in- 
ftances falfe and contrary to phncnome- 
na, according to which, thofe fubflances 
which contain Ibme common principles 

of 
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of the fame nature have a greater at-^ 
tradion than thofe which are formed 
of principles altogether different.! Mar? 
tial vitriol is not foluble in fpirit of 
wine, though a dephlogifticated ley of 
it is very readily foluble, not to-menr 
tion a great number of other inftances. 
No one, at leaft oh this ground, fufpeftr 
ed the prefence of phlogifton in marine 
acid, which fo obftinately rejected that 
volatile principle ; but this is now cer- 
tain, from the difcovery of the ingeni- 
ous Mr Scheele * : for magnefia nigra^ 
which we have before confidered as al- 
moft deftitute of phlogifton, attracts it 
with fo much force as to decompofe the 
marine acid in a heat of digeftion; 
it is perfeftly foluble in this acid, and 
is precipitated <^f a white colqur from 
it, which fliews the acceffion of phlo- 
gifton, (XV,). . But the acid thus de- 
phlogifticated, conftitutes an elaftic 
fluid, of a light red colour, of the fame 

fmell, 

* Stockh. Tranfeftions, 1774. 
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fmell, if the greater mafs be confidered 
as hot aqua regia ; it is not eafily fo- 
luble in water, and fcarce leaves an 
acid tafte, when made to pafs thnDugh 
it ; but if it be confined over water 
for twelve hours, four-fifths are a;bforb- 
ed, and the reliduum confills of com- 
mon air : that which has pafled through 
water is capable of making folutions, 
but the unwaftied is the moft efficaci- 
ous. It fhould therefore be colleiied 
in cylindrical phials, fucceiEvely adapt- 
ed to the neck of the retort, which, 
■when full, fhould be clofed with glafs 
floppies. A little water is beforehand 
put into the phials to abforb the muria- 
tic air. Subllances which are to be ex- 
pofed to it ihould be put in with the 
floppies. It attacks phlogiftlc bodies 
with great vehemence ; whitens all the 
colours of vegetables ; reddens martial 
vitriol J diflblves all the metals diredt- 
ly, and affords the fame falts which are 
formed by the acid entire, which may 
alfo 
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alio be affirmed with refped to earths 
and alkalis ; it changes white arfenic 
to a liquid acid^ (XX.)'; always regain- 
ing its original form when its lofs is re*- 
ftored ; ib that this tnith is fufficiently 
proved both analytically and fyntheti* 
cally. It fhould be carefully noticed, 
that the red elallic fluid is proper- 
ly entitled to the name of dephlogr- 
(licated marine acid, and not the liquor 
in the receiver, which, although it has 
received a portion of the elailic fluid, 
yet confifts chiefly of common marine 

acid, (XVIiL). 

That the dephlogifticated acid 
ihould form with alkalis, falts exadly 
like thofe which contain the entire acid, 
is a proof that they contain feme of the 
inflammable principle \yj which the de- 
ficiency is fupplied. What I have fe- 
veral times before obferved, concern- 
ing the neceflity of depriving metals 
of a certain portion of phlogiflon, be- 
fore 
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fore they can be diffolved in acids, b 
admirably confirmed by the power poC^ 
felled by the dephlpgifticated marine 
acid, of diflblving them " all. This 
feems to take place according as. the 
phlogifton adheres more loofely to them; 
but whether the order is the fame as 
that of the preceding acids, muft be de- 
cided by future experiments. Its vo- 
latility prevents its action in the dry 
way. ■ - ; • 

As marine acid is alrdady filfficiently 
provided with phlogifton, it refufe's a 
larger portion in its liquid ftate ; but in 
its aerial form, having a larger furface, 
and being freed from its aqueous 
cover, it feems to admit more ; nay, even 
to attract it with avidity, and when 
fufficiently fupplied with it, to become 
inflammable. It may perhaps be fu- 
fpedted that dephlogifticated marine 
acid is nothing but the acid in an 
aerial form ; on comparifon, however, 

I 
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t fi)und a great difference, for the for- 
mer is taken up by water flowly, not 
immediately ; it does not become in- 
flammable by decompofing phofphorus*' 
gradually, but attacks it inftantly, re- 
folves it into white vapours, and rege- 
nerates aeriform marine acid ; it melts 
neither ice nor camphor, efFeds no 
change either on nitre or alum, Isfi:, 
That which is at firft collected, while 
a diilindfc odour of aqua regia is per- 
ceived, from a mixture of muriatic 
acid, with half the quantity of magnefia 
nigra, by a gentle ebullition, contains 
about nine-tenths of common air ; but 
that which is obtained towards the 
end, contains fcarce one-eighth. The 
foul air which was mixed with 
the dephlogiilicated vapour, fuffers a 
fcarce fenfible diminution from nitrous 
air. 
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Wb have now ]K>' difficulty in lapfatm^ 

iialg Irk jr s nuxtore tKf nitrous «nd nuurine 

adds ihoiild be capable of diifi>lyiiig gold, 

though neither of them cxf it&lf attacks 

thisibeeali Gold miift fixft. be dfepriv^e 

t)i a portion o£ pUo^tH^^ aftei' Which 

it is taken tsp by Vatioas menftrua» 

Ncyw the nitrous acid, hissing phlogifton 

with great avidity, eafilj decompofes 

the, marine, whether it be <lifengaged 

or united with any bafis, as appears 

both from the finell of hot aqua regia, 

which is exadlly like that of the de- 

phlogifticated marine acid, and like* 

wife from- the efle<a, for' this men- 

ftruum, thus deprived of phlogifton, 

can repair its lofs from any metal 5 in 

confequence of whiclj, gold becomes 

fbhible, particularly in the marine 

acid. 
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acid, (XVIL). Hence ctyftals of^ 
gold, procured by fea fait diflblVed in 
nitrous acid, (for the two acids uncom-»- 
blned fcarce afford any), and freed by 
edulcoration frotn the heterjogeneou^ 
tnatters adhering to them, are found to 
contain the marine acid only« In this 
procJefs, therefore, the nitrous acid has 
no other effedt than to dephlogifticate 
the real fblvent, as much as is necef- 
farytthat acid, however, alone, when 
concentrated by long continued boiling, 
diredlly attacks the inflammable prin- 
ciple of gold, very fubtilely divided, 
fuch as occurs in the procefs of part- 
ing ; it then diflblves the calx, and re*- 
tains it fo feebly, that it often falls 
down fpontaneoufly, or in confequence 
of fliaking. And this is the true ex- 
planation of Mr Brandt's experiment, 
who found that gold was foluble in 
nitrous acid*. There is no need to 
confider the other fblutions by aqua 

H 2 regia 

* ASa Stockh. 1748. 
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reg^a out, by erne; we toay. only db^ 
ftrve^ diat this CQmpoimd meoftnium 
does not dways y kid triple &lts/ for 
in thofe cafes in whidi the nitnniiL.or 
the muriatic acids can of themfelvses 
efied a folution, the compounds ccHOOr: 
mpnly; cryftallize feparately^ at leaft 
^inpart« - 



- t 



Thb ele^ive attradion^ here - alio 

* * * ■ ■ 

ibUow the order fet down in the pre* 
ceding columns* 



, t 



XIX. 

I 

Column Eigbtby Fluor Acid. 

9 

; 

How this acid may be expelled from 
fluorbythevitriolic,has now been known 
for a confiderable time *.' When diC 
engaged, it always aflumes and retains 
an aeriform ftate, till it comes in con- 

taa 

•Stockh. Tranf.x77i. 
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tad: with water^ which abfbrbs it as 
well as other aeriform acids ; and we 
thus procure pblogtftkated acid of Jluor^ 
which gradually corrodes glafs, ex- 
tracting particularly the filiceous part* 
This acid, however, in its aerial ftate, 
afts upon glafs much more cfficacioufly, 
efpecially if the vapour? be hot, which, 
though they be loaded with filiceous 
earth, conftitute a tranfparent elaftic 
fluid* When it is diflblved in water, it 
depolits part of the filiceous earth un- 
der the form of a white powder, but 
the reft remains difTolved in the liquor. 
Let me enter into a Ihort difcuflion, 
and enquire whether this be an acid dif- 
ferent from every other, or mere mu- 
riatic acid, modified by an earthy bafis. 
Peculiar properties diftinguifh it from 
every other acid, from the vitriolic 
and marine in particular, with refpecft 
to which doubts have arifen 5 for when 
digefted with a little calx of iilver, 
and then depurated by gentle diftilla- 

H3 V'lon, 






tioQ, it dciet not form' afginitditt ed^ 
neinn; nor with fixed -iil^ji. does - k' . 
yield vitriokted taitar;*:<» Olanbcir*! 
ialt, or digeftive or lea fait; with iSiiift 
It respoeratesfliiorj w$fli ipagnefia-it 
fbnns 4 cryftaUizable fait i Ktidt toftii 
pondero&^ an efflcn«icing ' '^pnqxnmd, 

and -with day, a fweet «nd vilf^cl 'fiih, 
like jellj.: it aUb diflblTesi Mkeoni 
earth It&If, which totalhr rejei^^aU 
#ther gpidB, pgulV.) 

It is ind^'^trae, tlurt: this acid is 
generally adulterated with a little of th^ 
marine^ whence, without doubt, the re- 
femhlance of fmeU ; hut is the origin 
of the nitrous acjd therefore to be de- 
duced from the marine, hecauf^ both 
^e prefect in ?iqua regia? How finaU 
the portion of the acid of fait is, apr 
pears from the very iparing precipi-j 
tation of (liver and mercury from the 
nitrous acid. The fluor acid, as far a3 
I have yet fo\m4 from experiment, 

neither 
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neither derives its origin from the ma- 
rine nor the vitriolic; at leafl: I can- 
not comprehend how the intimate union 
of an earthy bafis jQiould produce fo 
wide a difference. We know that 
acids^ in fuch a combination, become 
in fome degree milder, and lofe their 
acrimony. Why then fliould the fluor 
acid, when refolved into vapours, cor- 
rode, and fometimes perforate eveu 
glafs, a property belonging to no othe^ 
yet difcovered, with whatever bafis it 
may be united ? If any one fhould at- 
tempt to prove, from nitrated filver, 
(lapis infernalis), corrofive fublimate, 
and other metallic falts, that the na- 
tural acrimony of acids is heightened 
by combination with certain bafes, the 
opinion, if we examine into the matter 
clofely, will appear to be groundlefs. 
It is clear, from an hundred Inftances, 
that the acrimony of acids is diminifh- 
ed in proportion to their faturation; 
to fiippofe it increafed is repugnant to 

H4 the 
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the nature of the thing: befides^ an 
extraordinary degree of vehemence is 
afcribed to thefe corrofive lalts, becaufe 
they attack animal bodies when they 
come in contad with them. But the 
true caufe of the corrofion is the dcr 
phldgiftication of the metallic bafes, 
(XV. XVII.), which are for this reafon 
capable of tearing away the inflam- 
mable principle contained in animal fub- 
flances, fbr to this they always tend 
with great force ; and thus they in fome 
meafure moderate their ftrong attrac* 
tion, for the acids are infufEcient to 
faturate them. The various hypothe- 
fes concerning the origin of the nir 
trous and marine acids from the vi- 
triolic, arc well known, but they re- 
main tp this day unfupported by any 
valid argument, as will alfo hereafter 
appear, if I miftake not, with refped to 
the iluor acid. 

TUJE 
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The preceding acids attradl alkalis 
In preference to earths ; but here a dif- 
ferent order begins. Fluor acid, £a- 
turated with vegetable alkali, is decom- 
pofed^by lime-water, and yields fluor 
and uncombined alkali. The acids 
which abound in phlogifton feem,^ for 
the moft part, to prefer lime to alkalis. 
Ponderous earth, faturated with fluor 
acid, is foluble in a large quantity of 
hot water, and, upon the addition of 
lime-water, yields its folvent to the 
lime, an efFed eafily afcertained, for 
the liquor is rendered turbid, and 
fluorated lime is depofited. Fluor acid 
feems to take magnefia from vitriolic 
acid, but this dpes not hold with refped: 
to lime p hence, therefore, the firft 
place might be alligned to magnefia ; 
but when I afterwards repeated the 
experiment, with all poflible care, there 
wa^ no appearance of precipitation. 
The fediment, therefore, in the firft ex- 
periment, was pprhaps filiceous earth, 

which 
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which quitted the acid when It came to 
be diluted in the iblution. 

In the dry way, the order of this acid 
is made the fame with the preceding, 
though it remains to be determined by 
experiment. It is certain, however, that 
fluor mineral is not decompofed by cau- 
ftic fixed alkali, (Scheme 51.), though 
aerated alkali efieds a decompofition ; 
but it is in confequence of a double 
eledlive attradion, (Scheme 63.), 



XX- 

Column Ninth J the Arfenical Acid. 

That admirable difcovery, which dif- 
clofed the compofition of marine acid, 
at the fame time points out a method 
of acquiring pure acid of arfenic* 
Macquer's arfenical falts indeed fhew 
evidently the acid nature of white ar- 

fenic; 
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(enic : the pure .acid, however, could 
not be feparated before the method of 
dephlogifticating the muriatic acid was 
brought to light. We are now ac* 
quainted with two ways. In the firft, 
one part of pulverized black magnefia, 
and three parts of acid of fait, of which 
the fpecific gravity to that of water, 
fhbuld be as 5 : 4, are mixed in a tubu- 
lated glafs retort, having a bulb ca- 
pable of containing four times the 
quantity of the ingredients : to the re- 
tort a receiver is adapted, containing 
one-fourth of pulverized white arfenic, 
together with one-eighth of diftilled 
water: the retort is to be heated in a 
fand bath, and the manganefe will 
quickly dephlogifticate the marine acid, 
which again regains its complement 
from the white arfenic. The acid of 
fait being thus regenerated, unites witl^ 
a portion of the water, and diflblves 
part of the arfenic : the reft of the wa- 
ter is feiz^d by the arfenical acid, as it 

is 




r. . 1 TftT . . - . - . ' . '.'-^^' 

. ■ . . -. . ... I ■ . . *. -^i^. 

■ • ■ , . i; • r-. ■. 

It4 C3(»JSbA!ff« jA(Sr4£^ 

* ■ - . ■ « 

is gradually depUogiiUcatie^ ; ib jclwi:^e 
liquot of the recetvi^tf dmdbdSBtOKSii^^ 
firati» andin arfew hours' all]!^ «£^c 
diiaj^ars r- at this period the Ikiwirs 
jhonldbe dtflilled to drynefs in ii%«t<l^ 

Tliat which is colled^ in the n^seimv 
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rln^ acid uiimixed ; but thehri!]iS|l^<Bi« 

^dttum in the retort, which fitiD^ 'ti^ 

heated iwd l)Qt to free it 

firom acid of ^It, exhibits 

arfenic in a folid fonn; (Sche9i^%;X 

/which is eanly folufele in wa^^ 

The other , method, 15 ais fbUows ^ 
let two parts of pulverized white ar-. 
fenic be diflblved in a tubulated glais. 
retort, in feven parts of marine acid, 
by flow boiliiig. Let the liquor cpl- 
leded in a receiver luted to the retort, 
be poured back, and at the fame time 
/ three and one-half parts of nitrous acid, 
of the fame fpecific gravity as the above- 
iijentioned marine, be added ; then let a 

receiver 
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receiver be adapted again, but without 
a lute- By the affiftance of the heat, the 
nitrous acid feizes the phlogifton of the 
arfenic, and emits red fumes j biit the 
diftillation muft be carried on till no 
more of thefe fumes are feen. Then, 
one part of white arfenic is to be ad- 
ded, which Ihould be in like manner 
diflblved by gentle boiling, and after- 
wards one and one-half part of nitrous 
acid, which dephlogifticates the diflbl* 
ved arfenic with effervefcence, and red 
fumes arife. Laftly, diftil to drynefs, 
and the refiduum, after flight ignition, 
will be found to confift of pure arfeni- 
cal acid, which is fixed in the fire, at- 
tracts moifture in the open air, and is 
foluble, if it be fufEciently dephlogifti- 
cated, in twice its weight of water. 
It fhould be freed by thorough wafhing 
in a filter from the filiceous powder, 
which comes from the corrofion of the 
glafs during ignition. 

Arsenicated 
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immediatdjrdecompofbdr.bgrJUiiit^vatdr^: 
and the alkali ts 4iiakg^ge!^ . I.':baye: 
fcatcc taxf dot|bt but. peoAalew «sarth 
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ood magiiefiif: pirevail over : jalkalhie 
iklts; though I muft. confefs that, this, 
conjedtui:^ has*^;!»)!: been, yet confiimed 
by experimjeiit« - f: ■ 



■ ■♦ 



If aciclpf saHsmC doeiinot. di£blve 
metals tq ; their com^etcl' ftate, it ;at 
leaft diflblves them ttrhen cakkied to a 
due decree» ;.It is, moreovei'^ to be.eIsM 
fei'vedy that no inflammable air is ge« 
nerated during the folutibn of iron ; 
for the phlogifton, being abfbrbed by 
the acid itfelf, regenerates white arfc- 
nic. 
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Column Tentby Acid of Borax. 



The iubftance commonly called fe- 
dative fait, is more nearly allied to a- 
cids than any other clafs of bodies. It 
reddens tumfole ; faturates alkalis and 
foluble earths. It alfo diflblves various 
metals, and has other properties which. 
Ihew its acid nature ; and it feems bet- 
ter entitled to the name of acid of bo- 
rax, than that of fedative fait. 

Depurated borax may be decompo- 
fed by boiling with lime j the acid for- 
fakes the cauftic folfil alkali to feize 
the lime, and produces a fait fcarce fo- 
luble. That the fame thing takes place 
with vegetable alkali, faturated with 
acid of borax, is hitherto only a pro- 
bable conjedlure : as alfo on the addi- 
tion 
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don of ponderous earth and magne> 
fia. 



Acid of borax attacks metals with 
diiHcuIty. The eafieft way to cotnbine 
thefe fiibftances is by a double affinity j 
but, to avoid mistakes, the borax fliould 
be faturated with fedative fait, of which 
there is required (bmewhat above an 
equal weight, before the readion of 
the alkali entirely ceafes. I have 
dropped a folution of fuch borax into 
metallic folutions, freed as much as 
poflible from fuperfluous acid. Gold, 
platina, bifmuth, and manganefe, dit 
folved in their proper menftrua, re- 
mained undifturhed ; but folutions of 
mercury, lead, copper, Iron, tin, uickle, 
cobalt, and. zinc, were imrnedlately 
rendered turbid, and yielded metallic 
falts of very difficult folubility, (Scheme 
28.). 



Xxii. 
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Column Eleventh^ Acid of Sugar* 

Most vegetables ihew manifeft figni 
of acidity in their fruit or juices ; and 
as the very few vegetable acids, which 
are known with tolerable accuracy, 
have different properties, the dili- 
gence of pofterity will certainly bring 
to light a great number. The chief 
obftacle which prevents us from becom- 
ing acquainted ^ith them, is the great 
difficulty of purify irig them ; for they ar6 
fo involved in other fubftances, as 
fcarce to admit of being extricated. I 
produce but a few here, of which the 
greater part labour under the impei*- 
fedtion of being deftrudlible by fire. 
Do all of them agree in their primary 
principles? Can they be tranfmuted? 
Thefe queftions muft be determined by 

I accurate 
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accurate experimemsj made with tliis 
view. Of the acids of tartar, lemon, 
and milk, it is certain, that they all, 
upon the addition of fpirit of wine and 
water, and after a digertion of feveral 
weeks, arechang-ed intovinegar. Atpre- 
fent they muft be confidered as different, 
fince they can always be obtained per- 
fcclly the fame, and poflefs properties 
perfectly diftin<S, conftant, and of the 
utmofl importance in chemiftry. 



The acid which exifts in fugar, is 
found to be fo clofely united with an 
oily matter, that it has never yet been 
poffible to feparate it, but by the ni- 
trous acid which deftroys that matter. 
For this purpofe, let fix — eight parts of 
ftrong nitrous acid be poured upon one 
of white fugar, reduced to powder, in 
a glafs retort, and be gently boiled. 
The nitrous acid in a fhort time ieizes 
;the phlogifton, and emits red fumes ; 
after the cellation of which, the liquor 
I'emaiuing 
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remaining in the retort fliould be pour- 
ed into a large veflel, and it will afford 
cryftals of a prifmatic form, and very- 
acid tafte. If the lixivium be dephlo- 
gifticated by two — four parts of nitrous 
acid, it will again depofit cryftals of 
inferior purity indeed, but they may 
be purified by folution and repeated 
cryftallization. This acid may be al- 
fo obtained from honey, gum arabic, 
and fpirit of wine, by means of the ni- 
trous acid, but in fmaller quantity* 
It poffefles all the properties of acids 
in general ; and befides thefe, feveral 
peculiar to itfelf, by which it is di- 
ftinguilhed from all others. It totally 
differs from nitrous acidj and in many 
refpedts is of an oppofite nature ; fo 
that its origin cannot with any degree 
of probability be afcribed to that acid* 
But this queftion is confidered :»t great- 
er length elfewhere ^ ; the attradlibns 

I 2 are 



Opufc. vol. i. p. 251. 



, ^ifc.3K&nt dit 



«uitv AHnbination, in- 

whnKrc we may eafily 

^^v't^ of lime-water in 

- : .J» uic*r. The juice of the 

,. A hfr ^'^ cxcefs of acid, which 

,,., jK' 4-oncretion of the fugar. 

■ -Sfs acid be added to a folution 

■ • -w-i liig^r, it will not yield cry- 

■■.••■>c crains, but a glutinous mafs. 

\xhiii? can therefore be of greater 

^'fvicc than lime-water, which not on- 

I - ablbrbs the uncombined acid, but 

rkewifc fonns an infoluble fait, that 

ritbcr falls to the bottom or floats in 

the froth. Alkalis indeed faturate this 

acid but they form falts which can 

fcarce be feparated on account of their 

folubility. 

Ponderous 
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Ponderous earth, magnefia, and al- 
kalis, yield this acid to lime. It at- 
tacks almoft all the metals. Its com- 
parative power, with refpecSl to other 
acids, will foon be feen in the columns 
of alkalis, earths, and metals. This 
acid is an excellent teft for detecting 
lime any way diflblved or fufpended 
in water, for the fmalleft drop of a fo- 
lution of it immediately feizes the lime, 
forming with it a white infoluble pow-, 
der, which falls to the bottom. If we 
know the quantity of lime in a given 
weight of this faline powder, we eafily 
learn, at the fame time, the quantity of 
lime, in any cafe, from the fediment, 
completely precipitated from a deter- 
minate quantity by means of this acid, 
carefully collected, walhed, and weighs- 
ed. - 

It cannot fuftain experiments in the 
dry way. The cryftals alone, being 
expofed to >fire in a glafs retort, partly 

I 3 indeed 
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XXIil. 

Cohimn Twelfth , Acid of Tartar^ 

I HAVE above explained the nature 
of tartar, (IX,), and fhall now briefly 
mention the procefs for obtaining the 
acid pure. Tq an hundred parts of 
jExeam of tartar, diflblved in boiling wa- 
ter in a tin boiler, let fmall quantities 

Pf 
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of chalk, waflied, dried, and pounded, 
be added at Intervals. This muft be 
continued as long as any efFervefcence 
is €ixcited by the addition ; about 
twenty-eight parts! will be required. 
When the point of faturation has thus 
been attained, let the liquor be decant- 
ed and evaporated to drynefs ; it will 
yield fifty parts of tartarized vegetable 
alkali. The powder remaining in the 
bottom is lime faturated with the abun- 
dant acid of tartar, which, when'wafli- 
ed and dried, amounts to above triple the 
chalk ufed, vi%. an hundred and three. 
Let this compound be put into a phial, 
and let there be gradually added three 
hundred parts of vitriolic acid, contain- 
ing two hundred and feventy of water, 
and thirty of the ftrongeft acid. Let 
the mixture be digefted for twelve 
hours, and often ftirred with a wooden 
fpatula. Laftly, let the clear liquor 
be poured off, and the refiduum waflied 
till it has loft its acid tafte j let the wa- 

I 4 ter 
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ter be filtered and added to the decant- 
ed liquor. We have here a folution of 
acid of tartar, which, if evaporated to 
drynefs, affords near thirty-four parts of 
a cryftalline mafs. To try whether it 
contains any vitriolic acid, let one or 
two drops of a folution of fugar of lead 
be dropped into the diluted folution, a 
white fediment will immediately fall 
down, upon which concentrated vine- 
gar (hould be poured, and it will foon 
difappcar, if Itconfift of lead, faturated 
with acid of tartar; but vitriol of lead 
will not be diflblved. Should fome of 
this be deted:ed, it fhews that the acid 
of tartar is adulterated ; but it may be 
eafily purified by digeliion with a fmall 
quantity of tartarized lime. On the 
other hand, if too little vitriolic acid 
has been added, fome acid of tartar will 
remain in the reliduum, which is eafily 
tried by throwing it on red hot coals ; 
for pure gypfum neither grows black 
in the fire, nor emits an odour of fpirit 
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of tartar, which, however, happens,' if 
it be contaminated with tartarized 
lime. A filtered folution of acid of 
tartar evaporated to drynefs will gra- 
dually depofit cryftals in a cool place, 
which generally confift of divaricating 
lamellae. 

If newly burned lime be ufed in the 
place of chalk, twice the weight of tar- 
tar will be totally decompofed, and 
therefore there will be uncombined ve- 
getable alkali in the liquor ; but aera- 
ted lime can only abforb the excefs of 
acid, and the tartarized tartar will re- 
main unaltered. An hundred pounds of 
purified, tartar contains about twenty- 
three pounds of pure vegetable alkali, 
forty-three of faturating, and thirty- 
four of abundant acid. The difference 
of wines, and of procefles for purifica- 
tion, will doubtlefs occafion fome diffe- 

rence. 
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; -c ^^o: ia> been laid, it appears 

V » . ^ rx^:j>ed: to acid of tartar, 

V .,,.x . cr-ty over vegetable alka- 

.^ > . > c rue of ponderous earth 

....... V ■ .t ; tor thefe earths, when 

^w^i.^v, ^^j' aerial acid, and added to 

. , V AvlN neutral folution of tartari- 

. V. ^'v>;o:ibie alkali, in a few minutes at- . 

• .nv : ,,>c .ioid of tartar in a heat of dige- 

. vA^ . ji:ul evident figns of uncombined 

. .V w . .;:>fvar on adding the proper tefts. 

^ :,il and volatile alkali exhibit the 

... c ; a.vnomena. To afcertain whe- 

. . l.mo or ponderous earth prevails, I 

. .^^ivd lime-water into a folution of 

..;v:,;ri.:cd ponderous earth, by which it 

was quickly rendered turbid, fo that 

i \v rv doubt with rci'ped: to the fuperlor 

/.rrraclion of lime is removed. 

Crystallized 
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CRTSTALtiZEO acid of tartar, wha^i 
expofed to fire, immediately grows 
black, and yields a Ipongy charcoal^ 
which, however, foon turns white, if 
heated to incandefcence, and is much 
contraded in bulk. When diflilled 
from a glafs retort, it affords, in the re- 
ceiver, a phlegm fcarce acid, together 
with oil ; the carbonaceous reiiduum 
confifts of a portion of earth, which 
ftiews no figns either of alkali or acid. 
Hence, therefore, it appears, that ther^ 
exifts oil in this acid, which is deftroy^ 
ed in the fire, and is by no means con- 
vertible into fixed alkali. Treated 
with nitrous acid in the method above 
defcribed, (XXII.), it afforded uq acid 
of fugar, and could not indeed be fo 
much deprived of oily matter, as not to 
grow black in the fire. Some perfoui 
is faid, however, to have fucceeded in 
converting acid of tartar into acid of 
fugar, which I have not yet been able 
to confirm by a repetition of the' expe- 
riment. 



{ 



^^^itt and per- 
ap^ to agree In 
t under conlidera- 
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^yAad^ Sorrel* 



fry» «f*ftrfie! is vegetable alkali fa- 
f^ttHd xtt excels with a peculiar acid, 
^k Aerefbre oF the iame nature as tar- 
«tf. To obtain this acid pure, is a 
«wk (rf difficulty. The vitriolic, ni- 
tvottS, and muriatic acids^ attract indeed 
die bafis, but it Is very hard to free the 
acid, thus fet loofe, from all impurities. 
An hundred and thlrty-feven parts of 
chalk perfectly decompofe an hundred 
«f this fait, attrading both the fatura- 
ting and exceflive acid. The clear li- 
enor yields thirty-two parts of aerated 
ve^able alkali ; nearly the fame quan- 
tity 
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tity as is obtained by fire. The fe- 
diment contains forrelled or oxalited 
lime, which, aftdr edulcoration and ex- 
ficcation, weighs an hundred and feven- 
ty-three. The component parts of this 
fait cannot be feparated like thofe of 
tartar, for the acid of forrel takes lime 
from the vitriolic. Mr Scheele difco- 
vered' another procefs. He added the 
abundant acid of fait of forrel, fatura- 
ted with volatile alkali, to a nitrous fo- 
lutioh of terra ponderofa \ an exchange 
of principles immediately took place, 
in confequence of a double eledive at- 
traction J and the ponderous earth, with 
the acid of forrel, a compound diffi- 
cult of folution, fell to the bottom, 
(Scheme 25. )• This fediment is de- 
compofed by acid of vitriol, which pre- 
fers ponderous earth to every fubfjance 
yet known ; and the acid defired may 
be poured off; but as it has been but 
lately difengaged, its properties have 
been little examined. Meanwhile, it 

feems 
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feems more nearly allied to acid of fu- 
gar than of tartar ; it differs, howerer, 
from both, for the abundant acid of for- 
rel forms, with vegetable alkali, fait of 
forrel, analog'ous to tartar, but decrepi- 
tating in the fire, fufible, fcarce turning- 
black, and capable of being totally de- 
compofed by aerated lime, — properties 
not belonging to tartar. Now, fac- 
charated vegetable alkali agrees neither 
■with tartar nor fait of forrel. 

I KNOW with certainty that acid of 
forrel prefers lime and ponderous earth 
to alkaline fahs ; but it is as yet doubt- 
ful whether this be true of magnefia. 




This acid is alfo deftruftible by fire, 
but it neither fwells fo much, nor turns 
fo black as acid of tartar ; by diftilia- 
tion, a phlegm, far more acid than that 
which is feparated from tartar by this 
procefs, but no oily matter, is obtained. 
Genuine fait of forrel, as it is found, in 
the fhops, varies not a little in the pro- 
portion 
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portion of its proximate principles. An 
hundred parts of fome ipecimens yield, 
on combuftion and elixation, but thir- 
ty-one of vegetable alkali, while, to fa- 
turate the excefs of acid, there is requi- 
red an hundred and twelve and one-half. 
Others afford above thirty-feven, and 
require not above eighty-feven for fatu- 
ration. It is obvious, that in the for- 
mer cafe the laturated acid is to the 
abundant as i : 3I, but in the latter as 
1 : 27. The abundant portion is al- 
ways larger than the faturated, which 
explains the ftronger acidity of this fait 
compared with tartar. But the diffe- 
rence perhaps depends folely on the 
place where the forrel grows, or on the 
method by which the fait is extradled. 
The acid of forrel, (or more properly, 
perhaps, the oxaline acid), when procu- 
red by diftillation, precipitates filver, 
quickfilver, and lead, from the nitrous 
acid ; with alkalis, forms cryftallizablc 
compounds, and, by evaporation with- 
out 
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out addition^ may be reduced to acid 
cryilals. 



XXV. 

Column Fourteenth y Acid of Lemon. 

Althou6h the acid of lemon has 
been long known, it has been but fuper- 
ficially examined. The exprefled juice 
IS to be freed from mucilage and foecu- 
lent matter, by a long fubfidence, and 
fliould then be expofed to cold, that the 
watery part may be frozen. It feems 
to contain a little vegetable alkali, for 
upon dropping in acid of tartar, in a 
few days a fmall quantity of tartar is 
found at the bottom. Stahl affirms 
that acid of lemon, faturated with 
crabs-eyes, and with the addition of 
a little fpirit of wine, infenfibly af- 
fumes, if it be kept in a phial flightly 
flopped, the nature of vinegar. An 

equal 
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equal quantity of the fame juice • of 
lemon requires, for its faturation, of 
pure vegetable alkali fixty-uine parts, 
of pure mineral fifty-one, and of vola- 
tile twenty-five. Thefe compounds do 
not eafily cryftallize. 

It remains to be determined, by a 
greater number of experiments, whe- 
ther acid of lemon certainly prefers 
lime, ponderous earth, and magnefia, 
to alkalis. 

The acids of fluor, arfenic, borax,fugar, 
tartar, forrel, and phofphorus, agree in 
this refped, that if they be faturated with 
earths they are fcarce foluble In water > 
and, therefore, if fmall quantities of 
earth he added, the folutions remain 
clear, on account of the excefs of acid, 
but near the term of faturation they 
become a little turbid j and when this 
is attained, all that was diflblved is 
inftantly precipitated, and can fcarce 
K be 



n6 
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be again difTolved but by excefs of 
acid. The fame thing is perhaps true 
of fonie other acids, but not of all. 



XXVI. 



Column Fifteenth, Acid of Benzoin. 



I 



The refin, which, in the fhops, paffes 
by the name of ben%oiny or ajfa duUis, 
contains an acid fait, which may be 
feparated by fublimation, and concretes 
into cryftalline filaments or fpiculx. 
It may be acquired in the humid way 
more free from oily matter, by ex- 
tradtiug the acid with lime, and then 
feparating the compound with muriatic 
acid *. The acid of benzoin being dif- 
■ lodged, falls to the bottom, uncom- 
bined, and more difficult of folution 
than when united with the lime. 



Boiling 

* Scheele m the StDcklioIm Tranfaabas, 1775. 
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Boiling water takes up one twenty- 
fourth of its weight 5 but at the ordinary 
temperature fcarce more than one five- 
hundredth. The tafte, approaching to 
that of ftigar, gives a flight fenfation of 
acrimony, but none of acidity. It^ 
however, reddens tindlure of tumfole. 

SpikiT of wine readily diflolves it^ 
even without heat* 

It is totally refolvcd by fire into 
white vapours : it is, however, fufible 
tfrith finoke, on the fudden application 
of a fufficient heat ; but can fcarce be 
inflamed without the adtual contact of 
fome burning fubftance* 

It readily combines with alkaline 
falts 5 but none of the compounds, ex- 
cept that with mineral alkali, afford 
cryflals, that are not liable to deli- 
quefcence* 

K 2 Lime- 
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Lime-water, dropped into the folu- 
tions, precipitates the alkaline bafes, 
as alfo magnefia and clay, Limcj 
therefore, exceeds them in attractive 
power, but it is unable to feparate pon- 
derous earth ; nor does the latter, when 
burned and diilblved in water, preci- 
pitate lime united with acid of ben- 
zoin J fo that here a combination of 
three ingredients feems to take place. 

The earthy falts, containing acid of • 
benzoin, are with difficulty diflblved in 
water, efpecially thofe that contain the 
ponderous and calcareous earths. 



XXVII. 

Column Sixteenth f Acid of Amber. 

A CRYSTALLIZED Volatile acid may 

be obtained from amber, by diftillation, 

together with an acetous Hqour and an 

oil. 



r' 



pi}«. T}ie acid may be in fome mea* 
iure purified by fplution, and a iecond 
pryft^Uz^^pn. That which I u&d in 
the following experiment was thus pre- 
pared ; it fliews evident figns of aci- 
dity. 

CoMBiNATiO]9$ pf this acid with 
'alkalis may indeed be made to cryftal- 
lizis^ but th^y a^e all deliquisicent, except 
that into which the mineral alkali en- 
ter?. Lime aijd ponderous earth af- 
ford falts of difficult folubility; clay 
yiejds cryftal^, and magnefia a com- 
pound like guni, 

Thb metals, when duly dephloglfli- 
cated, are foluhle ip this acid, and for 
the mofl: parf they afford permanent 
cryftals. 

Ponderous and calcareous earths, 
and magnefia, take this acid from al- 
kalis. Ppnderous earth alfo precipi- 

K 3 tates 









* ■ 





magnefia ; 

* ■ 

earth, 



i 



ssvnt. 




JciilefSvgdr'ofMia, 



&ft mentioned fiigat of 
ti^d» jeu i6ig \ hut no one 
1^ iMbrSclieele gave a complete anaT 
l\lis of it f. An hundred parts of this 
iait vield fifteen and one half parts 
*>f ackl of fugar, and of another acid 
hitherto found only in fugar of milk, 
iukI which is here to be confidered 
about twenty three and one half. 

This 

♦ Encyclop. Hermetico-dogmatica. 
f Stockh. Tranf. 1780. 



y. ■ 



On Ele£liV€ jittraffions. 15 1 

This acid is obtained in the form of, 
a white powder, and is not eafily fo- 
luble in water, for fixty parts of boil- 
ing water take up but one of the acid. 
The folution turns tumfole red. 

In combination with alkaline falts it 
forms compounds far more foluble in- 
deed, but ftill requiring a weight of 
boiling water many times exceeding 
the folvend. The compounds formed 
by this acid and earths, are fcarce fo- 
luble at all. As to attractions, alkalis 
obferve the ufual order. Ponderous 
and calcareous earths, and magnefia, 
are fuperior to alkalis, but it is difficult 
to determine the fuperiority among 
them, as they are fcarce foluble. 



K 4 XXIX, 
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Column Eighteenth^ DtftiUed Vinegar. 



t 



This acid, produced, during fermen- 
tation, from the preceding, which may 
in fome meafure be denominated crude, 
differs from them in the great infe- 
riority of its attrad:ive power for 
earths and metals ; but, on the other 
hand, exceeds them in fubtilty, not 
being altered by diftillation. Vinegar 
alio contains phlogifton, but more in- 
timately combined, or at leaft more 
concealed. It has been mentioned a- 
bove that acid of tartar, digefted wkh 
water and fylrit of wine, affords vine- 
gar. B, de Vigenere long ago obler- 
ved, that cryftals of tartar fometimes 
form in vinegar *. An acid alfo, very 
nearly refembling vinegar, may be pro- 
cured by diftillation from guaiacum 
and 

*- Du feu & du felj cap. 35. 1608. 
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and birch, from wax, fugar and amber, 
which is not to be confounded with 
acid of fugar, and fait of amber# 

Pure lime cannot detach vinegar 
from fixed alkali, and it therefore 
feems to refemble the vitriolic, ni- 
trous and muriatic acids in its attrac-^ 
tions ; and I have difpofed them in the 
iame order, though the priority of 
ponderous earth has not yet been con* 
firmed by experiments, 

I CONJECTURE, that, in the dry way, 
the fame feries, as in the fifth co- 
lumn, prevails, till I have leifure to 
confirm or correct this opinion by ex- 
periment. 



XXX.' 



^ :r Milk. 

. , ,^r milk, curdled 

.-: cency, let the 

.luJ evaporated to 

* > rviidaum is to be fa- 

ur. chat the phofphorated 

X ciMHited ; then let the 

> .::h that has been dlflbl- 

. ;•.' ?• rated by acid of (hgar j 

: ,^y highly redtified fpirit of 

•J ivid of milk is obtained free 

>j piiolphorated lime, fugar of 

V \vC:'Mhle alkali, and mucilage 

/.> itiilk contains =^. 

Vuis acid feems to be intermediate 
•_v»ocn vinegar and acid of ants; it, 
\^u\^ver, exceeds vinegar in attraftive 
\ wor. By the addition of fpirit of 

wine, 

- Sclicele, Avfl. Stockh. i'7S2. 
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wine, it is really changed into vinegar, 
after a month's digeftion. 

With the alkalis, it forms delique- 
fcent falts, and alfo with the earths, a- 
mong which magnefia, contrary to what 
would be expedled, forms the moft 
permanent combination. Scarce any- 
metal, befides zinc, forms cryftals with 
this acid ; not even lead, which yields 
a fweet folution, and depofits fome vi- 
triolated lead. 

With refped to alkalis and earths, 
the order of attradtions is the fame as 
that of vinegar. 



•n 



XXXI. 

I 

Column "Twentieth^ Acid of Ants^ 

This acid approaches very near vi-r 
pegar ^ they diifer, however, in m^ny 

refpeds. 



156 Om £U3hf j(tiraffioM, 

Kipe^s* The fonner fonns with mag- 
nefia, zinc, and iron, cryft^llizable 
ialts ; the latter only deliquefcent. Its 
combination vrith magn^j^a is peculiar- 
ly reinarkable ^« 

Its sittra£li<ms hay^ hith^fto been 
irery imperfedly exaroroedj jn the 
mean time, 4s far as has hitherto appear- 
cd, this acid obferves the ^me order as 
Yinegar ; which, however, is weaker, as 
the following columns <hew. 

AtL the acids of vegetables, as well 
as that of ants, may be totally refolved 
into an clallic fluid, coiififting partly 
of aerial acid, and partly of inflam- 
!\\:iblc air. 



XXXII. 



* Opufc. vol. ii. p. 389, 
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Column Twenty^fir^, Acid tfFat. 

The celebrated Crell, by repeated 
diilillations of fat^ obtained from 2 lib^ 
14^ ounces of oil, of charcoal loj^l, 
and of acid yi *. 

The falts formed by this acid, (atu*- 
rated with alkalis and earths, are very 
like thofe that vinegat generates widi 
the fame bafes. Alkalis yield it to 
earths. A comparifon of this with o-^ 
ther acids will be found in the fequeL 



XXXlli. 



* Chcmifche Journal. 
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ever, decompofes it by means of 
double attradion ; and aerated 
falls down, (IX. )• In ambiguous cafe»- 
of this kind, we mufl: form our conclu- 
fion from the decompofition of that fait 
which is more eafily foluhle. Thus, 
the prefent queftion is anfwered by the 
precipitation of phofphoratcd alkali by 
lime-water, and not by that of phofpho- 
ratcd lime by alkali. The fuperior 
power of magiiefia and terra ponderofa 
is not yet afcertained with fo much 
certainty. 

In the dry way, I place lime before 
magnefia and ponderous earth, fincc 
the former undoubtedly difpoflelTes fix- 
ed alkalis, which is not yet certain 
concerning the latter. 
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Column iwinty-thirdi Acidiim Perlatiim; 

In 1740, Haupt found a fait in hu- 
man urine, and defcribed it under the 
title of fal tnirabile perlatum ; it is the 
fame which Margraaf mentions as alto- 
gether unfit for generating pholphoru^ 
with powdered charcoal. Neverthe- 
Icfs, many have fiippofed, that this faltj 
which occurs in urine with the micro- 
cofinic fait, contains the pholphoric a- 
fcid, and have explained its rejedion of 
phlogifton from the fuperidr attraction 
of foffil alkali. But Mr Prouft has 
lately difengaged the fubftance, which a- 
lone performs the office of an acid mfal 
perlatum j in microcofmic fait, iiideed, it 
is united with the phofphoric acid. He 
digefted fal perlatiim in diftilled vine- 
gar, brought it to afford cryflals, and 
precipitated from the mother ley, by. 

L fpirit 
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fplrit of wine, a thick liquor, which, af- 
ter being well waflied in fpirit of wine, 
and then difTolved in dlftlUed water, 
yielded an acid * which 1 call the per- 
lale, till a more accurate examination 
fhall fuggeft a better name. Mineral 
alkali, if I miflake not, covers the acid. 
The cryflallization, tafte, read:ion, 
and efflorefcence, point out an excels 
of alkali. Perhaps this excefs prevents 
fpirit of wjne, which rejcd:s no' acid, 
from extradling the acid part. It fufes 
with ebullition, and appears pellucid, 
but when cooled it becomes opaque : 
it is taken up by acids, and may be fe- 
parated by fpirit of wine : it exifts with 
the phofphoric acid, as well in bones aS 
in microcofmic fait. 

It certainly prefers lime, ponderous 
earth, and magnefia, to alkalis. With 
mineral alkali, it regenerates fal perla- 
tum. 

It 

* Rozier's Journal. 



On EkSlhe AttraStions: 163 

It would be a peculiar arid highly 
temarkable phaenomenon, if a neutral 
Compound, by means of an intimate 
union with phlogiflon, could adl as an 
acid without dccompofition. This, 
however, feems to be the cafe with feda- 
tive fait, and ft ill more certainly with 
the acid of Prullian blue, which will be 
defcribed below. That obtainable from 
fal perlatum, is^ if I miftake not, of the 
fame nature. By means of a ftrong 
impregnation of phlogifton, it is fo 
clofely combined with a certain portion 
of foflil alkali, that we have not as yet 
been able to efFed: a feparation of the 
principles j and what well deferves 
notice, the compound^ as a fimple acid, 
takes up alkalis, earths, and metals, 
though feveral properties plainly in- 
dicate an excefs of alkali. Mean^ 
while till their nature is better afcer- 
tained, I confider them as acids, fince 
they feem to approach neareft to thefe 

flibftances, 

L 2 XXXV. 
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Column Twenty-fourlby Acid of Prujftan 
Blue. 

I HAVE long conjectured, not without 
realbn, that the tinging matter in Pruf- 
fian blue is of an acid nature, as it 
forms compounds of an Intermediate 
kind with alkaline falts, as well as 
with earths and metals. Mr Scheele 
has lately taug-ht us how to feparate 
the acid in a pure ftate *. Phlogiftica- 
ted alkali, as it is commonly called, is 
a triple fait ; containing the tinging a- 
cid, faturated partly with iron, and 
partly with alkali. This fait, boiled in 
a retort with weak Titriolic acid, emits 
the tinging acid in an inflammable 
aerial formj which may be abforbed by 
water placed In the receiver. "And as 
at the fame time, fome vitriolic acid 
pafles 

• Aft. Stockh. ijSj, 
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pafles into the receiver, the liquor 
Ihould be again diftilled with a little 
chalk, till one-fourth fhall have palled 
over \ which is a folution of the pre- 
lent acid ip water. The following 
procefs anfwers the fame end with lefs 
trouble : let fixteen parts of Pruffian 
blue be boiled in a cucurbit, with 
eight of mercury, calcined by means 
of nitrous acid, and forty-eight of wa- 
ter, for a few minutes, with conftant 
agitation. The mixture becomes of a 
cineritious yellow ; it fliould be put on 
the filter, and the refiduum elixated 
with boiling water. To the filtered 
liquor, let twelve parts of pure iron 
filings be added, and three of concen- 
trated vitriolic acid. After a fhaking 
of fome minutes, the whole mafs is 
turned black by the reduced mercury. 
After the fubfidence of the powder, 
the clear liquor is to be decanted into 
a retert, and one-fourth abftrad:ed. 

L 3 This 
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This acid, in tome refpeds analo-r 
gous to the perlate, is diftingulftied by 
a peculiarly difagreeable tafte and fmell, 
and confirts of aerial acid, volatile alka- 
li, and phlogifton. It fpeedily flies ofF 
in an open veirel : it feems to prefer al- 
kalis to earths. Its forcible attratSion 
for metals will be more particularly con- 
fidered in the feque!. 



XXXVI. 

' Column Twenty-fflh^ the Aerial Aciif. 

Of this acid, which is common to all 
tlie kingdoms of nature, I have treated 
at length ia another eflay, and have 
particularly examined its attraiSlionsdn 
§ 20. *. I fliall now add only a ihort 
comparifon of it with phloglfticated vi- 
triolic acid, fince they are wretchedly 
confounded by focne, lyho find it fnore 
eaf^' 

. • Opufc. vol. i. p. 43. . \ 
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eafy to burden natural philofophy with 
feigned hypothefes, than to enrich it 
with accurate experiments. I have 
faid above, that phlogifton, united with 
vitriolic acid, in different proportions, 
produces either vitriolic acid air, which, 
when abforbed by water, is called phlo- 
gifticated vitriolic acid, or fulphur, 
(XriL). 



Phlogisticated vitri- 
olic ACID has a mbfl pene- 
trating fmell 5 — faturated 
with vegetable alkali^ ge- 
nerates the fulphureous 
fait of Stahl 5 the cryftals 
Ipiculae indiflindly hexan- 
gular y — they detonate 
with nitre 5 — may be to- 
tally fublimed by a proper 
application of heat j — do 
not effervefce with other 
acids 5 — gradually lofe 
their phlogifton, and are 
at laft fpontaneoufly chan- 
ged into vitriolated tar- 
tar. 



The aerial aqid has no 
fmell 5 — with vegetable al- 
kali, forms aerated alkali ; 
the cryftals quadrangular 
prifms ;— they do not yield 
a fpark with nitre ; — are fix- 
ed 'y — emit conftant number- 
lefs air-bubbles, till the fatu- 
ration is complete, even 
with phlogifticated vitriolic 
acid, to which the aerial 
acid is inferior in attrac- 
tive power 5 — remain .un- 
changed, unlefs fire or fbme 
ftronger acid expel the weak 
aerial acid. 



L 4 
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Hence let thofe who are Jkllled ir> 
chemiftry, and regard truth, form ^ 
judgment. If any one fuppofes other 
combinations of vitriolic acid with 
phiogifton, befides thofe mentioned 
above, he muft prove the mode of their 
formation, not by opinions, but by ex- 
periments. 

A SIMPLE experiment proves that 
the aerial acid is attracted by atmo- 
fpheric air ; for if a phial filled with 
the former be fet in an open place, 
where the ambient fluid undergoes no 
agitation, it wiU be found to contain 
atmofpheric air only. Nay, aerated 
water yields its volatile acid to the at- 
mofphere. 



XXXVIL 
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XXXVII. 

Column Twenty-Jiiftb^ Cau/iic Vegetable AU 
kali. 

Having examined the i*ttra£tions of 
the acids, we now come to the alkalis^ 
which are commonly combined with 
aerial acid, but when freed from this^ 
are called cauftic, or even pijre ; and it 
is in this Hate only that they can be 
employed for the prefent purpofe, for, 
when aerated, they give rife to double 
affinities y fee Schemes i — 8. 32 — 36. 
46. 51. 62. and 63. Thofe which are 
properly called faline, are of three 
kinds. The firfl is denominated vege- 
table alkali, being all obtained from 
this kingdom ^ and of this only I fhall 
fpeak in the explanation of column 
twenty-fixth. 

The 
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.The vegetable alkali adheres mofl 
jftronglj to vitriolic acid, for it not on-* 
ly is not diilodged by either of the 
others, but takes this acid from them. 
In what manner nitre and fea faltef- 
fedt a partial decompoiition of vitriola- 
ted tartar, and the acid of tartar, like- 

« 

wife of nitre and digeftive fait, I have 
explained above, (IX.), and in Scheme 
gl lo. and ii* have fymbolically^ re- 
prefented the partition of the acid by 
dkrts. 

The fecond place belongs to the ni- 
trous, (VL), and the third to the ma- 
rine acid. Whether the aeriform mu- 
riatic acid is capable of decompofing 
nitre, has not been fufficiently tried. 
In order to account for the order of 
the other acids, it will be proper to 
mention the chief experiments. 

The celebrated Crell has admirably 
fliewn, that the acid of fat is neither 

expelled 
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>cxpelled by the acids of fluor nor of 
phofphorus. That of fluor dropped in- 
to a folution of phofphorated vegetable 
alkali, immediately precipitates a triple 
fait, confiding of fluor acid, vegetable 
alkali, and flint ^. I dropped arfenical 
acid into a folution of phofphorated ve- 
getable alkali j after the mixture had 
^ood twenty-four hours, fpirit of wine 
precipitated the phofphoric fait in no 
refpedl altered, and the acid of arfenic 
remained in the fpirit. Therefore the 
phofphoric is the flronger. The acid 
of tartar decompofes all the falts which 
contain vegetable alkali, as far as I 
have tried, as the combinations of this 
bafis with the vitriolic, nitrous, marine, 
faccharine, phofphoric, and arfenical 
acids, fome completely, but others only 
in part, (IX.). To difcover, there- 
fore, its real power, acid of tartar 
fhould be dropped into folutions of mi- 
neral alkali, combined with the feveral 

acids. 

* Opufc. vol. ii. p. 34. 37. 
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acids. For this alkali attracts the adds 
in the fame order as the vegetable, with- 
out acquiring any excefs, by which the 
obferver might eafily be milled. The 
acid of fugar feems more powerful than 
that of tartar ; thofe of forrel, leqioa, 
and amber, weaker ; but their order 
with refpedt to each other has not yet 
been fufEciently afcertained. Next fol- 
low the acids of ants, milk, and ben- 
zoin, which are ftronger than vinegar. 
Acid of borax is expelled by vinegar, 
as alfo the perlate acid, the nitrous and 
vitriolic fully phlogifllcated. The ae- 
rial yields almoft to all ; it howevei- 
precipitates folutions of flint, fulphur, 
and oil ; it even expels the acid of 
PruHian blue. Vegetable alkali takes 
up copper and tin, but their places are 
uncertain. 



In the dry way, the acids of phof- 

phorus, borax, arfenic, and perlatum, are 

juperior on account of their fixity, 

(IV.) : 
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(IV.) : the reft, except thofe that are 
deftroyed by ftrong heat, obferve the 
fame order as in the molft way. Pure 
earths coalefce with alkalis in jheat, but 
in what order is uncertain j nor can 
it be eafily afcertained, fince when any 
one is united by fufion with alkali, it 
is not precipitated by the addition of 
another, but both combine with the 
menftruum, and form an homogeneous 
mafs. The fame thing holds with re- 
fped: to fulphur. 



XXXVIII. 

Column Twenty-feventh, Cauftic Mineral 
Alkali. 

This fixed alkali has received the 
name of mineral, from the great quan- 
tity of it which occurs in the mineral 
kingdom ; it is alfb found in plenty 
in fome vegetables growing in the fea, 

or 
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or in a Hilt foil. It differs from the 
preceding, being both weaker, (XTL 
XIV. XVI.), and generating different 
falts with the fame bafes. The acid of 
tartar does not in any refpeft change 
fea fait, (Scheme 12.), which affords 
an eafy method of dirtinguifhing it 
from digeftive fait. For the acid of 
tartar is the beft teft yet known for de- 
Eefling the prefence of vegetable al- 
kali in any mixture, as it decompofes 
all the falts which have this bafis, fome 
totally, others only in part, (IX.). This 
decompolition is denoted by the depo- 
fition of tartar, which, if the dofe of 
alkaline fait be confiderable, and the 
fokition concentrated, becomes percep- 
tible in an inftant : a fmaller quantity, 
efpecially in a weaker folution, re- 
quires the fpace of a- day or two.' 

As to the order of attractions repre- 
fented in this column, I have not found 
it to differ from that in the thirty- 
feventh. 




\' 
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-feventh. This acid more certainly 
fhews the true order with refpedt to 
acid of tartar, and in certain cafes 
more diftindtly, as the compounds are 
more difficult of folution than thofe 
containing the vegetable alkali. This 
is often advantageous in determining 
the attractions. Scheme 13. fhews 

the decompofition of borax by nitrous 

* 

acid; Scheme 42. of fea fait by the 
fame, and 43, by acid of arfenic. 



XXXIX. 

* 

Column Twenty-eighth^ Caufttc Volatile AU 
kali. 

The order of attractions for acids 
feems to be the fame in this inftance 
as that of the fixed alkalis ; but the 
volatile alkali takes up feveral metals, 
which are left untouched by the others. 

That 
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That zinc precipitates the other metals^ • 
when dilTolved in volatile alkali, is cer- 
tain, (Scheme i8.), and for the fame 
reafon as chofe which are diflolved in 
acids ; a reafon that has been former- 
ly mentioned, and will be farther il- 
luftrated [hereafter, (XLVII.) j on this 
account I have placed them in the 
fame order as in the columns of th^ 
acids, till experiment makes us ac- 
quainted with a better. 

The influence of phlogifton on the 
folution of metals in acids, has been 
fiiewn above in various inftances, (V, 
XIII. XV. XVIl,) ; let me now coiifidef 
fome combinations of volatile alkali. 
To cauftic volatile alkali let fome filings 
of copper be added ; if the phial be 
quite full and be immediately ftt^ped^ 
no folution will take place, but if a 
little fpace above the liquor be left td 
the air, or the phial remain open for * 
quaiter of an hour, in a few days a 
folution 
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folutiou will be obtained as colourlefs 
as water ; but if the ftopple be taken 
away, it foon grows blue at the furface, 
and the fame tinge gradually pervades the 
whole^afs. A fblution thus colouned 
may be foon procured in an open phiaL 
The folution loies its colour, if new 
filings be added, and the phial be kept 
clofed for twenty-four hours. Thefe 
remarkable variations depend on phlo- 
gifton: copper is infoluble in its me- 
tallic form, but it is very foluble when 
a little of the inflammable principle is 
extricated. Such a privation is effeAed 
in a veflel, either open, or only filled in 
part, by means of the air which ftrong* 
ly attrad:s this principle, as will be 
fhewn hereafter, (XLVIL), and the 
cfFedts will vary in proportion to the 
quantity- If juil as much is carried 
off, as is neceffary to render the copper 
at all foluble, the folution will be co- 
lourlefs J but if it be farther deprived 
of phlogifton^ the calcined copper 

M yields 
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ef«i:to'<fc»'iy<jr'fiift ^dbir sodotdrids vfiiu. 

1i^ beiii^Cil^elbd to daeair, anddiace- 
Mfe itmnediMelj bi^iKB^ to torn* blue, 
upoor ciiniung^mko 'cdWaft^/^^ air.: 
^ th« . other- Innli^iilMri Mm MLtkA 

titaed, fince.!1^«alidi|i^aiQte^^iUiDgljj|r 
aftftclu coppse bat a Iktde . - dephlo- 

ealcuMd.'. 'The force -^ivdi-whiidbf.^Tt»-' 
ktite! aiKRli'' attraas 4e|^ogtftk«|j|td 
eopper, 'promotes the eSb€t of the air, 

I 

. Volatile alkali detonates with ni- 
* tre, whence it raahifeftly appears to con- 
tain phlogifton, and that as a proxi- 
mate principle, which is feparated by 
the calx of manganefe, quickfilver, 
}:^ld, and various other fubftwaces, in 
confequence of a ftronger attradion; 
and then an elaftic fluid,' of a peculiar 
nature, is obtained, which probably is 

the 
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the other principle : I fay probably ^ 
for it has not yet been reduced to vo- 
latile alkali by the addition of phlo- 
gi Aon* Moreover^ in this decompo^ 
fition it deferves to be remarked, that 
no figns of vegetable alkali occur, fince 
miny contend that the volatile origi- 
nates from the vegetable, intimately 
combined with phlogifton. 

•m 

In the dry way, the attradiions of 
volatile alkali feem to differ from thofe 
immediately preceding in this, that it 
may be expelled by fire alone, when 
united with certain fixed matters > 
and on this account I have thought 
proper to exclude them entirely^ 



Ui XL- 



I 
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XL. 

Cdlumn Twenty-mntb^ Cauftic Ponderous 
Earth, 

9 

The cekbrated Margraaf afferts that 
the bafc of ponderous fpar is calcareous 
earth, and indeed- experiments fliew 
that they agree in various properties ; 
but Dr G'ahn and Mr Scheele, by a 
more particular inveftigation, detefted 
a great difference between them, and 
from my experiments it appeared to be 
ftill greater. Both agree in eifervefcing 
in acids ; in lofing the aerial acid, when 
expofed to fire, and thus acquiring fb- 
lubility in water, and affording a cream 
in the open air ; in rendering alkalis 
cauftic, and in diffolving fulphur, tsfc. 
But they differ widely at the fame time ; 
for gypfum is lighter, and totally fo- 
luble in water, but ponderous earth 
forms with tlie vitriolic acid ponder- 
ous 
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ous £par, of which the fpecific gravity 
is 4,500, and which can fcarce be at 
all diflblved in water j with nitrous 
and marine acids lime form$ only 
deliquefcent falts, but ponderous earth 
difficultly foluble cryftals ^ lime fa- 
turated with acetous acid affords cry- 
ftals, but ponderous earth an almofl 
deliquefcent fait : finally, they difier 
widely in their attractions, as is. evi- 
dent from the preceding obfervations, 
and will now be made to appear more 

clparly . 

/ 

This earth is but Ipjfringly fcattered 
over the furface of the earth, and has 
hitherto been found only in combina- 
tion with the vitriolic acid ; a combina- 
tion fo clofe that it can folely be de- 
ftroyed by the -phlogifton of oils and 

charcoal, with the afliftance of fire, and 

* ' ■ 

then with difficulty. To obtain it pufe, 
it ihould be afterwards diflblved in ni- 
trous acid, and precipitated by aerated 

M 3 fixed 



&»ed aikidi;;%h!<:1i'is; dii^ by Tirtoe 
of a dodbfe'eleawir M&^on, ifbr it 
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caniuit tie' ' diflb(i^|ed' 1^^ c^ttfllicr - fixed 
alfadi, (Xm), ■ ••• ■ ■•• '*--'■ '•' • • '■■■^■' ■■ • ■• - 
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* . — " 

'FbkDBKOneaithHRnimy "vHdrihbft 
acids, ialtsr^difEetdlsfdlafoilkir>fMifr' 
dlfi^^'the 'firadleft* d^df Vicri&l^ -a^ 

^Ibrm of powder's Drhetefoire 
{"Ibtoir ^aotiiixlg bettei^ than a- (Mudott 
«^llhi9«Bi0i, i&aceEbiu orllDarmie'-^eld^ 
for dieteding the £iinteft f races'ibf '1^« 
triolic acid, fojr it takesi .i( from erery 
other bafist "* ' " ' 
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The acid of fugar occupies tlie next 
place. If it be dropped into a fatu.- 
rateid folution of ponderous- earth, in 
th^ nitrous or marine ax:ids, it feparates, 
in a few minutes, pdlucid cryflials, con- 
fifting pf the earth combined vith the 
jkcid that \^ as added. The fame acid 
decompofcs th? compounds formed of 

terra 
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terra ponderofa, and the acids of am- 
ber, of fluor, phofphorus, of the per- 
late, and that of fugar of milk^ which 
are all ftronger than the marine acid. 

The acid of amber comes into the 
third ftation j that of fluor into the 
fourth, for it precipitates folutions 
made by acids of amber, fluor, forrel, 
phofphorus, of perlate fait, nitre or^^a-r 
fait ; and left any one ftiould afcribe 
this to the prefence of vitriolic, acid, let 
it be obferved that this fediment, when 
coUeded and added to vitriolic acid, 
gives out fluor acid. 

The acid of forrel expels the phof- 
phoric and perlate acids, that of fiigar 
of milk, nitre and fea-falt, and forms a 
compound fcarce foluble, which come 
next. The ftrength of the febaceous a- 
cid has not yet been determined j in the 
mean time I have placed it after the 
marine. The remaining form this 
feries : acid of lemon, tartar, arfenic, 

M 4 ants, 
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of yitiddl '«^'iiiifift^f^^ A/i 

• . ^ ■ ■ • 

indiriduals wants confinnation. Acid. 

^ f ' ^ f 9 **-. » » « • • ■-» .i-l/*»- .1-»..- I *. 

X4;oitxi8Rrimt,\diiiej ifr the dty^my,- 

lis V but t «»olude the.othet earths^ iince 
the ponderous fcarcc fufes with them. * 
Befidesy I have fubjoined fixed alkali, 
and calx of lead, fince it enters into 
fufioa wii& thefe. 
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Column Thirtieth J Limt. 

^ ■ . ■ 

Pure calcareous earth, or lime, inthd 
firii^ fenfe of the word, is that which 
is free from every heterogeneous fob-r 
ftancc ; but by this appellation I itidi-^ 
cate the abfence of acids, efpecially the 
aeriaL Its attradions are very dif- 
ferent from thofe of ponderous earth* 
The firft place belongs to aeid of fogar^ 
which takes lime from every other, 
(Scheme 14.). To this fiicceeds acid 
of forrel, which decompofeseven gyp- 
fiim, by attracting its bafis. Vitriolic 
acid exceeds the nitrous, and the others, 
(Scheme i6.)* Acid of tartar takes 
lime from that of amber, the phot- 
phoric, perlate, and the following ; and 
in like manner phofphoric acid, the 
perlate, and that of fugar of milk, from 
the nitrous, marine, fluor, arfenical^ of 

ants. 






«ttiKi^isfljJl^^lBM^ md yiiicgar. Fhior 
;^^ iMhAk Bar Inlifir'priiirrrfiiH j than 
^^ nf MM» md Tinqgar ; but is fcarce 
^lip^lte^ JM '^riiiift6tia « mbA marine, 
^BJ^tiby die aid of water , and a double 
\ki*:Afihh aCr.lcmoii. and ben-* 
lyitltgar* ^^r f;? THie arieni'cal 
^il '^iiom^JBifm .diftvorbv Jhamckted and 

ijKiitiirtjiiiniHlr ifilffit vthej Ibldtion be 
^aif^ttaap» ^Wbe pl^ the ik^ 

lllflenqfcvis c^MMU amcertaip, » i ^ The foil 
iBidK9iidilt(&:9Mp^ of the 

. Wbat is faid in the preceding para^ 
graph may be applied to the attractions 
of lime, magnefia, and clay, in the dry 
way, except that the laft fcarce attacks 
fulphur* 
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Column T^hirty-Jirji y Caufiic Magnefia. 

This fait, which is called in the 
fliops magne/ia alba, differs in various 
refpe6ts from lime, as I have fhewn in 
a particular efTay. I once thought, 
that this earth attracted acfd of fluor 
moft forcibly^, and that all others were 
expelled by it^ (Scheme 15.) j but the re- 
petition of the experiments gives room to 
fuppofe that I was mifled by the filice* 
ous fediment : I therefore aflign the 
firft place to acid of fugar, and fo on as 
in the column ; of which the order is 
for the moft part eftablifhed by experi- 
ments, in the diflertation above meH'- 
tioned. Some places are, however, un- 
certain, efpecially thofe occupied by 
the acids of forrel and lemoij. Calcic 
jied magnefia is infoluble . in water, 

which 



mt^'h itiimbaUized b^^i^e lmM^'jQ#j^ 

ibnned'fcom its principles ? , - 

~ I BY no means iJIedy, tliaf door {bme^ 
rimes contains iiliceous particles, but 
they are accidentally prefent j for tliat 
or Garpenberg, which I generally ufed 
'III' this operation, fometimes contains 
iiot a particle. This, when reduced 
to the fineft powder, is totally foluble, 
by a long digefliQo, in -aqua: regia, 
which would never happen if it con- 
tained flint. Hence, therefore,' it is 
evident, that iiliceolis earth enters the 
compofition accidentally, and that the 
powder colled:ed in the receiver is by 
.no means to be afcribed to. it, fince 
no fuch fubftance exifts in the com- 
pound. But perhaps other fpecimens 
from Garpenberg are more or lefs mix- 
ed 
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cd with it. Glafs indeed abounds in 
filiceous earth, and is corroded during 
the procefs ; but as Mr Scheele faw the 
powder appear when metallic veflels: 
were ufed, I have long thought that in 
this experiment there was a generation 
of filex. Into- a phial of iron or cop- 
per, upon which concentrated vitriolic 
does not adt, there was put fluor mine- 
ral in powder, with an equal weight of 
ftrong vitriolic acid; the cover was 
then applied, to which were faftened 
below feveral different bodies, fome 
dry, and others wet* The phial was 
expofed for feveral hours to a gentle 
heat of digeftion, and upon opening it 
all the moift fubftances were found to 
be covered with powder, and the dry- 
ones quite free from it. But the flijor 
ufed in this cafe, without doubt, con- 
tained filiceous earth; for Mr Meyer 
has fince found, by accurate and well 
conducted experiments, that no filice- 
ous powder appears in metallic veffels 

when 



t92 On EUaive Attraakns. 

when no glafs is ufed. The fluor with 
vitriolic acid yielded nothing; but the 
fame mixture, in equal quantity, fet in 
a metallic veflel, when glafs was added 
to it, fwelled very much, and a filice- 
* ous powder was volatilized. The fluor 
acid, therefore, when refolved into va- 
pour, feizes filiceous earth with vio* 
lence, extracts and retains it till it is 
abforbed by water ; for upon entering 
into this new combination, it is forced 
to depofit part of the filex : the refl 
remains difTolved in the acid liquor^ 
and may be thrown down by alkaline 
falts ^'. But no other acid is capable 
of diflblving filiceous earth, not even 
in the very tender flate of a precipitate, 
from liquor filicum f. 

Fixed alkalis, efpecially when cauftic, 
diflblve very fine filiceous powder in 

the 

* Opufc. vol. ii. p. 34. 

-J- Ibid, p. 36. and vol. lii. p. 314, 
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the moift way, but far more plentifully 
in the dry. All the acids, not even 
the aerial excepted, effed: a feparation. 

Liquor filicum is precipitated even 
by fluor acid ^ but the powder which 
falls does not confift of pure filiceous 
earth, for it contains likewife fluora- 
ted alkali, and thus exhibits a triple fait. 

Water entirely rejeds filex in a 
moderate temperature. I always pro- 
cure by evaporation a finall portion of 
filiceous earth from the water of the 
Upfal fprings, notwithftanding it has 
palled through the filter feveral times j 
but it without doubt is fo fine, as when 
once mixed with the water, to be re- 
tained by fridion ; for dhrifion increafes 
the furface, and with it the fridion, 
which at laft becomes equivalent to the 
difference of Ipecific gravity. 

In the dry way, filiceous earth is fu- 

am 

fible with borax, minium, and other 

N proper 
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proper fubftances, but moft ealily by 
fixed alkali. 

Some of the moderns reckon earth of 
ivory among the fimple earths, but im- 
properly, for it is doubtlefs a com- 
pound, and, like earth of hartlhorn, con- 
tains both aerated andphofphorated lime. 



XLV, 

Column Itbirty-fourth^ Water. 

Since fand in a very attenuated and 
volatile ftate preferves a level, fo tijat a- 
nimals may be drowned in it ; fince 
pounded gypfum let in a kettle ov^r the 
fire feems liquid, not to mention other 
inftances, why may not liquids in gehe- 
ral be confidered as folid molecules too 
fubtile to be perceived by the fight, 
however ailtftcd, and on, account of 
their levity, bulk, figure, or by the in- 
terpofition of another fluid, moveable 
with 



rv 
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with the greatefl eaie^ and afleding an 
homontal furface ? Htnce water would 
feetn to be nothing but earth kept li- 
quid by heat. It certainly concretes 
into a folid body when the heat is di* 
miniflied to a determinate degree ; but 
when the heat is increafed to a certain 
term, it is refolved into elaftic vapours i 

Evert particle having a certain force 
of attradion for the principle of heat, 
forms a little atmofphere for itfelf. As 
long as thefe atmofpheres prevent the 
particles from coming into contact, the 
whole remains liquid ; when they are 
enlarged, the diftances increafe, and an 
expanfion takes place, till at laft the Su- 
perficial particles are refolved, by the 
neceflary quantity of heat, into elaftic 
vapour. At 2 1 2 ^ the whole mafs under- 
goes this change. The vapours then arife 
in great abundance, and produce the 
agitation of boiling. They exceed 
the bulk of the water 14,000 times, 

N 2 and 
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and then the vaft furface is able to ab- 
forb a far greater quantity of heat than 
before ; and is it not thus that all eva- 
poration produces cold ? On the other 
hand, the excefs of heat being gradual- 
ly diminilhed by the coolnefs of the 
air, or in any other way, the bulk of 
the vapours is contraded, and they are 
coudenfed at laft into drops of water. 
If the matter of heat goes on to de- 
creafe, the particles drawing near to 
coutad: lofe their refpedive mobility, 
and concrete into ice. What is here- 
after to be faid on the fubjedl of fpeci- 
6c heat, will farther illuftrate thefe re- 
marks, (XL.VUI,). 

Saline, guramous, and fpirituous fub- 
ilances are efpecially foluble in water. 
In what order the falts are taken up, 
has been hitherto little examined, nor 
is this an eafy uik. Concentrated vi- 
triolic acid takes water from a lolutiou 
of vitrioUtcd vegetable alkali, of alum, 
vitriol. 
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vitriol, corrofive fublimate, and other 
fubflances, which it does not decom- 
pofe, fo that they cryftallize almoft in- 
ftantaneoufly. The other acids fcarce 
exert this power perceptibly. 

t 

Caustic alkalis likewife attrad wa- 
ter ftrongly, and precipitate various 
falts which they do not decompofe. 

r 

Water attra6ls fpirit of wine more 
forcibly than thofe falts which are in- 
foluble in fpirit of wine, and which 
therefore may be precipitated by it. 
This is the cafe with volatile alkali, 
which, when thus precipitated, is called 
Van Hdmonfs foap^ Sapo Hclmontiu 

The ele<StIve power of water with re- 
fpedl to neutral and middle falts is hi- 
therto unknown, and has been totally 
negle<3:ed. It is, however, probable^ 
that each is attracted with unequal 
force, and that one gives way to another. 

N 3 iETHER 
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^Ether may in fome meafure be 
feparated from Ipirit e£ wine by wa- 
ter. 



XLVI. 

Column Thirly-jijib^ Vital Air. 

A.] The atmofphere which every 
where furrounds our globe, confifts of 
a pellucid, elaftic, and apparently ho- 
mogeneous fluid, which we denote by 
the name of common or atmofpberic air : 
when more clofely examined, it is found 
to contain, befides vapours which Vary 
wonderfully, according to the diverfity 
of fituations and winds, three fluids 
mixed together, and widely differing in 
their nature. The greateft part, which 
certainly exceeds the others three times 
or more in bulk, is neither fit for fup- 
porting fire, nor for relplration, proba- 
bly derives its origin from the vital 
part, 
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part, in confequerice of fome change 
np^ yet certainly known, perhaps pro- 
ceeding from the addition or fubtrac- 
tion of phlogifton, and may therefore 
be called corrupted air. That which 
in England is called depblogifticated^ 
and which I have formerly termed un- 
combined, good or pure, but now think 
widi the hiftorian of the Parifian Aca- 
demy, that it fliould be diftinguifhed 
by the appellation of vital; this, I fay, 
differs widely from the preceding, be- 
ing not only fit, but indifpenfably ne- 
ceflary for fire and refpiration, every 
other air being mephitic. The aerial 
acid forms the fmalleft part of the at- 
mofphere, fcarce ever amounting to 
one-fixteentht 

B.] Vital air is found but fparingly 
mixed with the atmofphere, amounting 
fcarce to one-fourth of its bulk, feldom 
or never exceeding one-third, as I have 
juft intimated. It may, however, be 

N 4 obtained 



200 Oh EUBive ^iiraSIwns. 

obtained by various means. An ounce 
of nitre, expofed to heat in a pneuma- 
tic apparatus, affords 500 — 600 cubic 
inches of air, far better, efpecially at 
firft, than common air. Nitrous acid 
poured upon many metals and earths, 
and then abftradted to drynefs, yields 
firfl nitrous air, if any phlogifton be pre- 
fent, and then more or lefs of vital air. 
Vitriol of iron, copper, and zinc, and 
various vitriolated earths, nay, lapis ca- 
laminaris, manganefe, and the calces c^ 
the noble metals acquired by precipita- 
tion, afford, when expofed to a due de- 
gree of heat, a portion of vital air du- 
ring their reduction. Hence it may 
be juftly concluded, that this air can 
indeed be obtained without nitrous 
acid, but that by means of it a much 
larger quantity is procured, fo that it 
is fcarce to be doubted but that it en- 
ters as a principle into the acid, or the 
acid into it. In the former fuppofi- 
tion, fomething muft be removed, which 
when 
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when again added to the vital air in 
proper quantity, muft impart to it, be- 
fides other properties, a ftrong acidity. 
The nature of this is unknown. Ni- 
trous air alone is at leaft infufficient, 
unlefs the exiftence of phlogifton be 
denied, which, however, would be con- 
trary to evident experiments 5 nor 
does it feem to be the inflammable 
principle, by which, on other occafions, 
all the acids are debilitated, and, when 
fully faturated, are as it were fettered. 

» 

It fliould, however, be remembered, 
that compounds fometimes have pro- 
perties not belonging to either, of the 
ingredients. But in the cafe in que- 
ftion, this bare poflibility is unlup- 
ported by any experiment, which fliews 
that diftind: acidity proceeds from 
phlogifton. The latter propofition is 
countenanced by the following conli- 
derations. It appears from experi- 
ment, that nitrous acid very forcibly 
attrads phlogifton, is rendered much 

weaker 
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•weaker by it, and at length, by the aid 
of a certain portion of the matter of 
heat, acquires au aerial form, being 
changed into the aeriform nitrous acid : 
with a greater portion of phlogifton, 
nitrous air is formed, containing the 
acid faturated j may not, therefore, a 
farther addition of phlogifton or fpeci- 
fic fire, as the increafe of weight feemS 
to indicate, or both thefe caufes, pro- 
duce a new variation, and may not this 
be vital air ? This opinion is, however, 
liable to diOiculties, which (hall be 
mentioned in the fequel. Meanwhile, 
granting thefe pofitions, and afliiming 
Mr Scheele's hypothefis, the phenome- 
na accompanying its generation admit 
of a confillent explanation. We know 
that the acid as prefent in nitre may be 
plilogifticated by fufion. The cohefion 
is diminillied in proportion to the in- 
creafe of phlogifton, and by a certain 
quantity is totally deftroyed, fo that it 
is clLtnged into vital air, and may be 
expelled 
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expelled by heat. The acceflion of 
phlogiilon is derived from the decom« 
pofition of heat ; now, by the iepara«- 
tion of one principle, the other which 
is left uncombined, according to the 
hypothefis, is vital air, and which there- 
fore comes from two fources, compoCU 
tion and decompofition. If thefe things 
be true, we can eafily comprehend how 
it is obtained from nitrous acid, poured 
upon almofl any fubflance ; and alio 
how we come to procure a new portion, 
by adding frefh nitrous acid, when tjie 
former portion has been exhaufted. So 
great is the volatility of this acid, that 
it efcapes before it is fufficiently con- 
centrated to receive phlogifton; the 
bafis fixes the acid, and when it con- 
tains phlogifton, contributes, at the be- 
ginning of the procefs, while the heat 
is moderate, to the produftion of ni* 
trous air. 

The 
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The fubftances which fumifli vital 
air without nitrous acid, contain, for' 
the moft part, fome metallic principle^ 
which, when adted upon by a ftrong 
fire, decompofes either their inherent 
fpecific heat, or that which flows in 
through the veflels. The noble calces 
feem by thefe means to be reduced, 
to a metallic form, without the addi- 
tion of phlogifton, even fuch as neithet 
receive any aerial acid, nor contain; 
any nitrous air, as gold difTolved in. 
dephlogifticated muriatic acid, and af- 
terwards precipitated. The ignoble 
calces of lead, iron, zinc, manganefe, 
and perhaps others, are alfo capable 
of decompofing heat, but cannot retain 
a quantity fufRcient for their reduc- 
tion. Manganefe does not indeed 
grow black from the adion of heat a- 
lone ; but by the afEflance of vitriolic 
acid, it fixes a quantity fufficient to 
render it foluble. Such phEcnomena 
fometimes, though rarely, occur in the 
humid 
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humid \<ray. Upon miniiim dephlogi- 
fticated, by a long continued^ calcina- 
tion, and put into a iinall retort, let a 
little more than its bulk of concentra- 
ted vitriolic acid be poured j the mixture 
foon grows warm, and acquires a black 
colour, a phsenomenon which is produ- 
ced by heat alone j then fome degree 
of efFervefcence takes place, during 
which, fome aerial acid is extricated ; 
but in a minute or two the heat be- 
comes infupportable to the touch, and 
at the fame time there iflues out with 
vehemence a white finoke, which yields 
pure vital air : the volatilization of the 
powder gives it at firft the appearance 
of finoke. The addition of pulverized 
glafs renders minium more penetrable 
to the vitriolic acid > without this ad- 
dition, the upper ftratum of the mafe 
grows white, while the lower ftrata ftill 
remain black, or are not yet adted upon 
by the acid ; in which cafe, aerial acid 
is extricated during the whole time of 

the 



2o6 



On E!eFlive AttraShiii. 



the production of any elaftic fluid, 
have treated minium in like manner 
with the muriatic acid ; but in this o- 
peration the menftruum muft be made 
to boil. Then aerial acid is extrica- 
ted, as alfo dephlogiflicated marine a- 
cid, and the vital air fcarcely amounts 
to one-fourth. I have no doubt of the 
exiftence of aerial acid in the minium; 
but it remains to be tried, whether it 
be prefent in minium recently prepa- 
red. I cannot determine this, fince it 
is not made in Sweden. It probably 
does not unite with the lead during 
calcination, but is afterwards attracted 
from the atmofphere, as happens with 
regard to lime. But the origin of the 
vital air is an important enquiry. 
Some deduce it from the dephlogiftt- 
cation of the aerial acid; Mr Scheele 
from the decompofition of heat. All 
minium, hitherto examined, contains »■ 
fmall portion of magnefia nigra, which 
is capable of decompofing the matter 
of 
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of heat^ and lead may perhaps have the 
fame power. Muriatic acid is more 
eafily decompofed 5 and therefore, by 
employing this menftruum, we gain 
but little vital air. Aerated lead,^ 
treated, in the fame manner, yields on- 
ly aerial acid 5 but nitrated mercUry, 
calcined to rednefs, and the Iponta- ^ 
neous fediment of vitriolated iron, when 
treated with vitriolic acid, produce 
nearly the lame - effeds as minium. , 
Iron is fcarce ever without manganefe, 
and feems itfelf capable of decompo- 
ling heat ; for that which is not mag- 
netic, acquires . this property in the 
crucible without any addition of phlo- 
gifton. 

The .great fpecific heat of vital air, 
which can be ihewn by proper experi- 
ments, renders its origin from nitrous 
acid, by the addition of phlogifton, not 
a little fulpicious 5 and perhaps future 

experiments 
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experiments will ihew that it is not the 
real one. 

C] The relation of vital air to other 
bodies is now to be confidered. There 
is no fubftance hitherto known, on 
which vital air ads more readily and 
efficacioully, than on nitrous air. At 
the inftant of contadt, the whole mafs 
alraoft hilles, turns red, grows warm, 
and contracts in bulk. The enquirers 
into nature are not yet agreed abofut 
the caufe of thefe phsenomena. There 
are two prevailing opinions, of which 
one will probably prove true. Mr 
Kirwan has thus explained it *. Phlo- 
gifton is more ftrongly attracted by 
vital air than by nitrous acid ; where- 
fore the nitrous air is dephlogifticated, 
lofes its nature, and the red vapour of 
nitrous acid is produced, which water 
readily abforbs. But vital air, faturated 
with phlogifton, forms aerial acid, 
and 

• Phil. Tranf. 1782. ; 
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and with a ftill larger portion is con^ 
yerted into corrupted air. The bulk 
is fometimes diminifhed to -j-^-o^ i^ 
confequence of the deftrudtion of 
the nitrous air, and the generation 
of aerial acid, which being . heavier 
than the vital air, and having lefs fpe- 
cific heat, ought neceflarily be con^ 
traded, and, moreover, may be totally 
abfbrbed by water. The incalefcence 
is produced by the deftrudlion of the 
nitrous air, which, as well as the phlo- 
gifticatfed vital air, parts with a, portion 
of fpecific heat* This is a very inge- 
nious explanation 3 but before it can be 
received as quite fatisfad:ory, fo much 
aerial acid, as it fuppofes, mud be more 
precifely demonftrated* If I miftake 
not, the produdlion of aerial acid is 
deduced from the precipitation of 
lime-water, and its quantity frorar the 
diminution of bulk. With refpedl to 
the former eonclufion, it is well known 
that lime-water is manifeftly rendered 

O turbid 
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turbid by a very fmall quantity of 
aerial acid, accidentally mixed with 
vital air ; but the diminution, if it be 
repeatedly palled through recent lime- 
water, may arife from another caufe, 
for water abforbs'^ne- fourteenth of its 
own bulk of vitar air ; if, therefore, 3. 
fufficicnt quantity of water be prefent, 
the whole diminution may happen ift 
this manner. In Mr Scheele's hypo- 
thefis, the relation of vita! to nitrous 
air is alfo made to confift in the de- 
phlogiftication of the former j but it is 
faid, that the matter of heat is gene- 
rated by this combination, which, in 
the prefent cafe, is not abforbed by any 
of the furrounding bodies ; for the ni- 
trous air changing from fluidity to a 
liquid ftate, muft give out a portion 
of fpecific heat, to be diftributed 
mong the contiguous fubftances, and e- 
vidently pafllng through glafs. On what 
foundation this origin of heat refts, I 
feall hereafter examine, (XLVIII.) 
■ • ThB 
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The inflammable air of metals 
contains phlogifton alinoft pure, in an 
aerial form ; yet it neither changes vi^ 
tal air, nor is changed by it, not even 
when the furface of conta^ is increafed 
by the acceflion of external heat^ a 
circiimftance which feems ill to agree 
with what has been juft faid of nitrous 
alr^ • But it is to be obferved, thit the/ 
decompofition of nitrous air is the ef- 
itdi of a double attradiion ; the phlo- 
gifton is attraded by vital air, arid th6 
acid part by water. Therefore, whea 
the mixture Is made in a phial immerfed 
in mercury, the experiment fails. But 
the contadl of flame, or a glowing bo- 
dy, produces a wonderful effe^ in the 
mixture of inflammable with vital air j 
for it takes fire with fo much violence, 
as far to exceed common fire in heat 
and efficacy, and to dazzle the eyes 
with the brightnefs of the light. If the 
conflagration be performed in a fpacq 
clofed by mercury, as may be done by 

O 2 prudent 



I On EleSl'we AttraSiom. 

prudent management, the whole bulk of 
air is found to have in great meafure 
difappeared after the extind:ion of the 
flame, and the cooling of the appa-, 
ratus. The refiduum affords corrupted 
air, fcarce ever mixed with aerial acid. 
This diminution is explained, as before, 
in two ways. It is impojQible to deny, 
that a contradion of bulk muft take 
place, if vital air be changed, by combi- 
nation with phlogillon, into aerial acid, 
which is heavier, and has lefs fpecific 
heat ', but the farther change of aerial a- 
cid by phlogifton into corrupted air, a 
lighter fubftance, and therefore necef- 
farily occupying a larger ipace, feems 
ill to agree with the fmall portion which 
remains after deflagration, though even 
the whole of the inflammable air fliould 
become fixed. 

If we fuppofe both airs perfectly 

pure, this inflammation would feem the 

moft fimple of all j for there is no fu- 

perfluous principle prefent, either to 

give 
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give out any extraneous fluid during 
the operation, or to yield any refiduum 
which greedily abforbs a portion of the 
mixture. 



Electric fparks feem to come near- 
eft to this operation ; they may be con- 
fidered as fmall flames changing the 
vital air which they meet with on the 
fiirrounding medium, by means of their 
X phlogifton, either into aerial acid or 
heat, as muft be determined by future 

« 

experiments. Alkaline air is changed 
by the electrical fpark into inflammable 
air of thrice its bulk, which fufficient- 
ly fhews that, thefe fparks give out 
phlogifton in a free and elaftic ftate* 

In vital air, without the aid of ex- 
ternal heat, phofphorus is confumcd very 
flowly, and fcarce at all, unlefs water 
be prefent to forward the decompofi- 
tiori, by a double attradion. It may 
be burned by proper management in 
a glafs veflel clofed with mercury. 

3 The 
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The method that beft fucceedcd wicfa 
me, was to introduce a fmall piece into' 
the glafs veflel, aud fet fire to it, by ap- 
plying the flame of a candle externally. 
This was repeated as long as the bits 
fucceflively introduced could be made 
to deflagrate. After the apparatus had 
grown cool, there never remained above 
one-fourth, often not above one-tenth 
of air, and fometimes flill lefs j the 
refiduum confifted of corrupted ail*, 
very feldom mixed with aerial acid. 
Here the hypothefis, concerning the 
ol'igin of the aerial acid and corrupted 
air, from the phloglftication of the vi- 
tal, feems fcarce admifliblc. We have 
in this experiment no uncombined phlo- 
gillon, by confolidation of which the 
bulk might be dirainiihed. The diffi- 
culty is, however, lefTened, by the ah-; 
forbing power of the uncombined pho- 
fphoric acid, of wliich more will be 
faid hereafter. Sulphur may be burned 
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in the fame way, and exhibits alnioft 
the fame phamomena. 

That kind of inflammation is moft 
complex, which confumes a body ^:hat 
gives out aerial acid from its own fub- 
ftance, and at the fame time yield? an ab- 
forbent refiduum. To this head belongs 
the combuftion of pyrophorus, candles, 
and other animal and vegetable fiib- 
llances. There can be no inflammation 
without vital air, whence it may be 
confidered as the pabulum of fire ; yet 
the phaenomena vary according to the 
nature of the bodies to be confumed. 
It is afferted, that in a fpace limited by 
mercury, a candle which is left to bum 
as long as it can, diminiflies the air lit- 
tle or none ; and it is certain that the 
bulk is found the fame after cooling, 
for the confumed fat yields a quantity 
of fluid nearly equal to the vital air con- 
fumed by the flame. It is known that 

O 4 oils, 
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oils, when decorapofed in clofe 
by fire, gives out aerial acid. 

Hepatic air, dephlogiflicated by vi- 
tal, depoiits fulphur but Ilowly ; ■where- 
as nitrous air is decompofed at the mo- 
ment of contad:. 

Metals, being loaded with phlogi- 
Aon, cannot but be expofed to the 
power of vital air. The ignoble ones 
are decompofed more or lefs quickly, 
according to circumftances ; the noble 
relift obftinately : however, the purefl 
i^old, when fufed, and fufficiently rare- 
fied by the focus of a lens, is forced to 
part with fome of its phlogifton*. 
Mercury, which feems intermediate be- 
tween the noble and the ig^noble, when 
fufHciently heated, is well and quickly 
calcined in vital air, but remains un- 
changed in corrupted air, as Dr Prieft- 
iey has found. ' I have experienced the 
fame 

* Macquer Di£l. de Cliimic. 
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fame thing with that mixture of lead, 
tin, and bifmuth, which is fufible in the 
heat of boiling water. The efFedls are 
here alfo explicable from the genera- 
tion of aerial acid, or the matter of heat. 
On the. former fuppofition, a difEculty 
arifes from the rejedlion of aerial acid 
by many metallic calces, and from the 
reduction of gold without addition, 
when it has been dilTolved in dephlogi- 
fticated marine acid, and precipitated 
by alkali, when the calx is neither con- 
taminated witH aerial acid nor nitrous 
air. By Mr Scheele*s fyftem, thefe dif- 
ficulties are avoided, but others occur 
not eafily to be obviated by the decom- 
pofition of heat. The calcination of 
lead by mercury in common air *, 
which is diminifhed one-fourth, and 
yields an aerated calx, is among them ; 
for I have never found in common air 
a quantity of aerial acid amounting to 
one-fourth of common air, nor, I be- 
lieve, 

♦ Mr Kirwan, 
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licve, has any one elfe : it remains, 
however, to be tried, whether the bulk 
of the aerial acid, when expelled, cor- 
refponds to the above-mentioned dimi- 
nution. The increafe of weight is 
afcribed, with great probability, to ae- 
rial acid, when it is prefent j but I can 
fcarce doubt that fomething is contri- 
buted by the increafe of fpecific heat. 
Nor is the abforptlon of moifture by a 
fpongy mafs, like that in queftion, al- 
ways to be neglcded. 

Besides thefe fubftances, many more 
are undoubtedly changed by the action 
of vital air, efpecially thofe contain- 
ing phiogifton ; but the mode is un- 
known. 
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Column Tbirty-fiMbi Pblogiflon. 

This very fubtile matter admits, like 
the aerial acid, of two ftates, a ftate of 
combination, and freedom. In the 

formef, it enters into the ftrutSlure of 

7 

bodies, eludes all our fenfes, and can 
only be recognifed by its efJed:s, for 
which reafon fome have fuppofed it to 
be a fictitious fubftance, and totally im- 
palpable, but without juft reafon. Tba 
two celebrated philofopheirs, Prieftley 
and Kirwan, have clearly proved its 
exiftence, both analytically and fynthe- 
tically, fo that I think all reafons for 
(Joubting are now removed. This 
principle, when in combination, and 
then it is properly called phlogifton, 
may be let loofe by various methods > 
having recovered its elafticity, and 

gained 
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gained an aerial form, by a proper in- 
creafe of fpecific heat, it receives the 
name of inflammable air. In the next 
paragraph, we fhall find data from the 
analyfis of charcoal for eftimating the 
weight of phlogifton in inflammable 
air ; a cubic decimal inch of inflam- 
mable air is equal in weight to Tri-s- of 
an afTay pound, and it contains as much 
phlogiflonas two pounds of forged iron, 
i. e. tIt*; therefore ''tW-''=^tI4^ P^^ 
the weight of fpecific fire necefTary to 
the aerial form, of which more will be 
faid in the next paragraph, (XLVIII. 
C. E.). I fpeak here only of the in- 
flammable air of metals : that which 
organic bodies yield, appears to be lefs 
pure, and efpecially combined intimate- 
ly with a portion of aerial acid. 

Phlogiston is perhaps to be found 
in all bodies, though in many it is con- 
cealed by its exility. The attradions 
of 

* Anftlyfis Ferri, p. 24- 
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of the more remarkable combinations 
into which it enters can alone be exa* 
mined here ; a tafk which is incumber- 
ed by no trivial obflacles. Magnefia 
nigra, for inftance, attradls it with fuch 
violence as to decompofe acid of fait* 
It takes this principle from all the me- 
tals, but not without the aid of fbme 
acid J a circumftance to be carefoUy no- 
ted. Nor does it ad:> with fo great force, 
till it has obtained the quantity neceC- 
iary to perfed faturation, but only till it 
has acquired that which is neceflary to 
its folubility in acids. When this point 
has been once attained, the comple- 
ment which effects complete redudion 
is attracted more feebly than by any 
other metallic calx. An attradlon of 
this kind, (lopping at a certain point, 
takes place in many other metals, though 
it has hitherto beeh little examined. 
Thus, calx of iron, and perhaps of the 
other ignoble metals, by expofure to 
heat, acquires phlogifton enough to be- 
come 
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come magnetic, but cannot acqu! 
enough for redudlion. In general, th* 
reducing portion of phlogillon adheres 
much more weakly than the coagulaii 
ting. Thefe attraftions are in fbme 
meafure analogous to thofe which ac!d 
of tartar exerts upon falts containing 
vegetable alkali, (XXXVII.), Whei 
the dodrine of affinities is brought to 
perfection, I forefee that it will oftea 
c^be neceflary to adduce the fame fiib- 
I fiance in two or more different ftates. 
rHere the black and white calx of man- 
ganefe may be introduced feparatelyj 
fbut the former does not ad: by its 
' fingle power, for it requires to be affil- 
ed by an acid. That, therefore, 
which is placed in this column is the 
white. 

A PLACE can fcarce be allotted to vi- 
tal air, as it has fcarce any eifetl, unlefs 
it be ailifted by a double affinity, or a 
great degree of heat. We have before 
fpoken 
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ipoken of its a6tion on nitrous acid« 
Either external heat, or furrounding; 
moifture, is neceflary to the complete 
decompofition of phofphorus. 

t r 

Calcined iuiercury is reduced by 
digeftion in acid of fait 5 but the caufe 
has not yet been fufEciently explored. 
As this acid, when dfephlc^Ifticated, 
attacks the metal itfelf, the calx can 
fcarce dephlogifticate the acid. It re- 
mains, therefore, to be examined, whe- 
ther dephlogifticated air is produced 
during digeftion. According to Mr 
Scheele's hypothefis, the decompofition 
of heat is fufficient. 

Volatile alkali is dephlogifticated 
by magnefia nigra; but the caufe is 
complex, depending upon nitrous acid. 

Therepore thefe phaenomena are at 
prefent of no ufe in determining the e- 
ledive attractions ; but the following 

are 
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are more fimple, and feem adapted to 
this end. 

Nitrous acid decompofes fulphur, 
very flowly indeed without boiling ; but 
it feparates the principles of muriatic 
acid in a middle temperature. 

Dephlogisticated marine acid does 
not adl upon fulphur ; but It gradually 
decompofes white arfenic, and imme- 
diately refolves phofphorus into a 
white fmoke. 

Though the precipitation of metal- 
lic folutions by complete metals is real- 
ly the confequence of a double attrac- 
tion, yet a fingle attraction would be 
fufficient, could phlogifton be fupplied 
in a proper ftate. The inflammable 
principle has a different attraflion for 
different calces, and combines with 
them to faturation; after which, the 
metals fall down in a complete flate, 
and 
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and cannot be rediflblVed, unlefs the 
excefs of phlogifton be removed. 
When any other metal whatever is 
put into a folutiori of gold, the gold is 
immediately precipitated, not on ac- 
count of the inferior attradlion of the 
acid, as it has hitherto been univerfally 
explained, but becaufe phlogifton more 
readily unites with the calx of gold, 
than with the calx of the added metaL 
That this is the true caufe, may be 
Ihewn both by the dry and humid way. 
With refpedt to the latter, a fine difco- 
very, made by Mr Sage, throws great 
light on the queftion. He puts into 
a diluted folution of a metal a piece 
of phofphorus, which yields its phlogi- 
fton to the metallic calx, and in fome 
cafes completely reduces it. The calces 
of the noble metals, and of copper, 
thus recover their metallic ftate*. 
Though there is here no reciprocal ex- 
change of principles, yet two powers 

P effea 

* Rozier, Journal de PhyfiquC; J 781. 
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effed; the decompofition. Water a- 
lone gradually extfadts the acid part 
of phofphorus, but very flowly, and 
thus renders the combination of the 
metallic calx with phlogifton more 
eafy. We have experiments yet more 
direft. A folution of acid of arfenic 
in water is. made to acquire a reguline 
form, by pafling a ftream of inflam- 
mable air through it, as Mr Pelletier 
attefts*. The fame thing happens to 
fome other metallic folutions. Metal- 
lic calces may be reduced by the flame 
of pure inflammable air ; which alfo 
happens If they are immerfed in this 
air in clofe veflels, and expofed to the 
focus of a burning glafs, as Dr Prieftley 
has found. The air is diminiflied in 
this operation ; but the refiduum retains 
its former nature, and is juft as fit 
for contributing to reduction as be- 
fore. Befides, it is well known, that 
fome metallic calces may be reduced 

by 

* Journal de PhyfiquC; 1782. 
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by fufion, with the addition of iron or 
any other proper metal. 

The phaenomena, therefore, which 
come under this head, when deduced 
from their real caufe, totally invert the 
feries of metallic calces laid down in 
former tables. Thus, gold rifes from 
the laft place to the firft or fecond, and 
zinc is [reduced to the loweft. This 
holds with refped: to the reft, as ap- 
pears in the table of attradlions. 

It is certain that the arfenical acid 
attracts the inflammable principle with 
greater force than the phofphoric j for 

■ 

if phofphorus be put into arfenical a- 
cid, the furface foon grows black in 
confequence of reduction. 

In the dry way, I have placed the 
metallic calces according to the order 
juft eftablifhed. I have placed the acid 
of arfenic before the calx of lilver 5 for 

P 2 this 
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this acid expofed to the aftion of fire 
with filver, dilTolves a portion of it, 
which cannot be done witliout dephlo- 
giftication. The dephlogifticating por- 
tion is fublimed in the form of white 
arfenic ; the other immediately dil- 
folves the calx. 

Supposing the matter of heat to 
confift of phlogifton and vital air, the 
place of vital air is between the calx of 
mercury, which is reduced as well as 
the noble calces, and the ignoble cal- 
ces. It cannot, however, be denied, 
but that, thefe alfo are capable of de- 
pompofing part of the heatj'though not 
fo a$ to effe<ft a complete reduSion. 
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Cpilumn ^birty-feventby tbe Matter of Heat. 

A.] The nature of fire exercifed the 
genius of philofophers in the earlieft 
times, nor has the diverfity of opinion 
yet been reconciled. Nay, it has been 
made a queftion, ff^betber tbe pbanomena 
which are afcribed to Jire are to be deduced 
from a peculiar matter ? Or, Whether tbey 
depend only on tbe motion of tbe particles of 
bodies^ f Now fince all motion, which is 
excited on our globe, meets with re- 
fiftance, and, therefore, when left to 
itfelf, is progrefllvely diminifhed, as ' 
every day's experience teftifies, it is 
not eafy to conceive how the motion 
excited by the produdion of a fpark, 
which muft meet with continual re- 
tardation, ftiould neverthelefs fome- 
times 'acquire fuch augmentation as to 
be able to confume a houfe, nay, a 

P 3 whole 



On EleSive jittraSkns. 



whole city. Here the effed far ex- 
ceeds the caufe. But in this age, al- 
moft all philofophers agree, that there 
is a peculiar matter of fire, which has 
gravity ; exerts an attra^Sive power ; 
poflefTes other peculiar properties very 
palpable in various cafes, and capable 
of being accurately determined. I 
therefore think it fuperfluous to dwell 
any longer upon the proof of this pofi- 
tion. The nature of this matter is a 
point much more difficult to be deter- 
mined, and affords a fine field for the 
exertion of the greateft abilities. I 
think there can be no doubt that it 
ought to be called the matter of heat 
rather than of fire. Fire is the atftion 
of heat when increafed to a certain de- 
gree, and, therefore, foon pafles away 
after the confiiinption of the fuel j but 
the heat continues though it becomes 
rarefied, and is diftributed among other 
bodies. There is always heat in fire ; 
but all heat is not fufficient for ex- 
citing 
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citing fire : a determinate accumulati- 
on is required in every cafe. 

Unless, therefore, we fliould chufe 
to invert the ufiial mode of fpeaking, 
the denomination which I have placed 
at the head of the paragraph feems 
more fuitable to the nature of the 
thing. 

B.] The chief opinions now prevail- 
ing concerning the matter of heat may 
be referred to three fyflems. 

Flrfiy Some confider light itfelf as 
elementary fire, which every where 
furrounds our planet, in an uncomi- 
bined ftate, becoming lucid when in 
fufEcient motion, and occafioning diffe- 
rent temperatures by its unequal denfi- 
ty, highly elaflic, light, fubtile, and pe- 
netrating. Notwithftanding its won- 
derful tenuity and mobility, it may be 
fixed in bodies, and enter into their 

P 4 compofition 
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compofitioQ as a proximate principle > 
in which (late it is denominated phlogl- 
fton. The great fimplicity of this hy- 
pothefis recommends it; but it can 
fcarce maintain its ground, fince it has 
been ftiewn that uncombined phlogi- 
flon is nothing but inflammable air, 
(XLVIL). Light feems moreover to 
be inferior in tenuity to heat. 

Secondly^ Others argue, that elementa- 
ry fire, which in a rtate of liberty occa- 
fions warmth, is not only different from 
pbloglfton, but fo oppofite that one 
every where expels the othec, at teaft 
in part. Air during phlogiiUcation 
gives out much fpecific fire, which, 
when free, heats, calcines, caufes igni- 
tion, y^. It is proved, that. the very 
attenuated matter of heafC is not-equal- 
ly diftributed, and ia ^oportion to (he 
bulk of bodies, as fioerhaave afHrmed, 
but that each body, by a peculiar at- 
traction depending upon its nature, 
acquires 



^ 



On EleSivt AtiraSiens. 233 

acquires a greater or lefs quantity. I£ 
the beat markpd by the tbermometer Is 
increafed or diminilhed in a place 
wbere tbere are feveral bodies of the 
fame weight, it is diftributed among 
theiii in proportion to their powers ; 
and in like mannier, in reftoring the equi- 
librium which is difturbed by a diminu- 
tion, they exonerate themfelves in pro- 
portion to their powers. A body ab- 
forbs more heat in becoming liquid 
than it contains when folid 5 and there is 
need of a flill greater portion to induce 
the ftate of vapour. Animals grow 
warm by refpiration, Ssfr. not to men- 
tion other ph^enomena which will be 
related below. 

Part of the fyftem concerning the 
increafe of latent or combined heat, 
when a folid becomes liquid, or a li- 
quid is converted into a fluid, owes its 
rife to the illuftrious Black. It has 
(ince been cultivated with fo much fuc- 

cefs. 
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cefs, both in England and Sweden, that 
it now feems to reft on a fure founda- 
tion *• The function of refpiration has 
been particularly illuftrated by Prieft- 
ley and Crawford, 

The third fyftem is that of my faga- 
cious friend Mr Scheele, who thinks 
that the matter of heat is not fimple, 
but compounded of phlogifton and vi- 
tal air, clofely combined, and that light 
confifts of the matter of heat, with an 
excefs of phlogifton. His Treatife on 
Air and Fire will beft ftiew how he ar- 
rived at thefe conclufions. This hypo- 
thefis is not without its difEculties, 
which I every where mention ; it how- 
ever feems to agree better with expe- 
riment than any other, and therefore I 
have often adapted my explanations to 

it. 

* See Crawford on Animal Heat, Magellan du Feu 
I^lementaire, and Wilcke, in the Stockholm Tranfac- 

tions of 1773,— -i^Si. 
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it. It is by no means neceflary in this 
hypothefis, that the contradtion of the 
bulk of the air fliould always be afcri- 
bed to the heat paffing through the 
glafs. There Is iio reafon why it 
may not be ablbrbed on particular oc- 
cafions. 

C,] I acknowledge that the new 
dodrine concerning the diftribution of 
heat is well eftablifhed in many re- 
fpeds i but as it is connected with at- 
tractions, it will be proper to explain 
with greater accuracy in what light I 
view it. 

Let the heat which we can meafure 
by the thermometer be called fenjiblcy 
and that which is fo fixed by the at- 
traction of bodies, that it cannot be 
Indicated by the thermometer, fpectfic. 
For the fake of comparlfon, the Ipeci- 
fic heat of water is exprefled by unity, 

to 
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to which the specific heat of otlier 
bodies of equal weight, aod the fame 
fenfible temperature, is referred and 
expreffed in numbers *, which indicate 
the proportion, but not the quantities. 
Let us fuppofe two bodies, A and 5, of 
the fame weight, whofe fpecific heats 
are as a to ^ ; let the fenfible heat in 
the vicinity of the bodies be increafed 
by the quantity m, which is to be di- 
vided between ^ and B, the fonner 
will receive an increafe = ^"i and 
the latter ~ ^th, fo that ;^m : ^m 
: : a:b: : a+^-rJjm b + ^«^ 'jTiis 
is alio the cafe if «i be fbppofed to be 
n^^vc, or to donote a<liiiuiuitiim, for 
ia ^dier cafe fiich a di&ibqticm will 
take 



* See Hi Hagdan, «bo fa» given tbb Atxrj as 

cl«gknt mwhewtiml fbnn. TLe mcihorf of «ktcr- 

«■ung the fpedfic bests SSa» fmm tbat of Wifcke, 

bn tbe ercau agree ; a drcwaftaaee wUch aM a Tittle 

- cMMilHH ate uvlb of tbe tluQiiue. 
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take place, that the proportions of fix- 
ed heat Ihall remain the famei 

But the fpecific heats do not follow 
the proportions of fpecific gravity, nor 
of bulk, but, if I miftake not, the com- 
pound ratio of the peculiar attradlion, 
and the fiirfaces. I do not mean the 
mere external furface, but the internal 
I ike wife : it is well known that there 
is no body perfed:ly folid, nay, gold 
itfelf, the heavieft of all fubftances 
hitherto known, is perforated with in- 
vifible pores to the amount of one-half 
of its bulk, as has been rationally con- 
jectured by Newton. Hence we may 
form fome judgment of the vacuities 
of other bodies, fince they may be at 
leaft relatively determined by their 
fpecific gravity j but this afliftance is. 
of no ufe in the prefent cafe. Though 
every other figure affords a larger fur- 
face, yet let us afTume fpherical pores 
for the fake of fimplicity, and the va- 
cuity 



^ 
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cuity of any body reduced to a Jphere 
of the diameter 10, the internal iur- 
face will be as the fquare, that is, as 
10 X 10 = 100. Suppofe now this va- 
cant fpace to be divided into ten equal 
fpherules, of which let the diameter, 
to avoid fractions, be exprefled hy m, 
and the internal will be as 10 m '. If 
it be divided into an hundred fpherules, 
it will be as 100«% and fo we may 
go on as long as we pleafe. Thus the 
internal furfaces increafe as the iize 
of the pores decreafe, and, in the fame 
proportion, the fpecific heats, if I am 
not miftaken. As the pores amount 
always to more than half the bulk, and 
ia moft inorganic bodies altogether 
elude the fight, however aififted, by 
their minutenefs, the external furface 
may be negleiSed as infinitely fmall, 
and this perhaps holds concerning the 
peculiar force of attraiSion. The in- 
ternal ftrudiure of bodies may indeed 
be truly compared to a Iponge, though 
the 
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the apertures cannot In general be per- 
ceived. Now heat penetratesr into all 
the pores of bodies, and when fixed, 
furrounds the fmalleft atoms like an 
atmofphere, and adheres to them, de- 
prived of its power of exciting wanhth. 
The thicknefs of this ftratum is in- 
creafed or diminiihed according to cir- 
cumftances. The following are a few 
inftances which feem to confirm my 
conjecture, for the nature of the thing 
forbids us to exped: a rigorous demon- 
ftration. The particles of water, in 
the ftate of congelation, touching each 
other at a greater . number of points, 
cohere in confequence of their attrac- 
tion. But if a fufEcient quantity of 
heat penetrates into ice, the particles 
are gradually feparated, regain their 
little atmofphere, and recover their 
mobility. In a flronger heat the mafs 
is dilated by larger atmofpheres fur- 
rounding the particles, and their te- 
nuity cannot but be increafed by them. 

Laftly, 
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Laftly, in the boiling temperature, every 
particle Is fo much dilated, as to oc- 
cupy a fpace 14,000 times greater, and 
fuppofing the form to be fpherical, as is 
in feme meafure yifible, acquires a 
furface about 600 times more esienfive. 
By this expanfion, the contaA and the 
attradiion depending 00 it increafes 
exceedingly, fo that a remarkable de- 
gree of cold is produced in the con- 
tiguous bodies, by the quantity of heac 
neceffary to faturation being collected 
and fixed. 

Mt opinion is alio illuflrated by the 
-following fads. Let a thermometer, 
with a void fpace above the liquor, and 
with the top clofe, be fupended in the 
receiver of an air-pump j as foon as the 
air begins to be rarefied by the ftrokcs 
of the piftpn, the liquor of the ther- 
mometer will fink, as was firft obferved 
by Dr Cullen. The defcent is owing 
^ the dilatation of the glafs, in con- 
fequence 



^ 
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fequence of the removal of the extemai 
preflure, for if the point be broken be- 
fore fufpenfion, the level of the liquor 
will not be changed by the rarefadtiojj^ 
of the air. A vacuum does not there- . 
fore of itfelf produce cold. But if 
the globe of the open thermometer be 
moiftened^ the liqour will defccnd on 
the rarefaftion of the air. The caufe 
is to be fought in the ambient air, for 
its particles being expanded afFqrd a 
fpace wider, and better fitted for ab- 
forbing heat especially from the water 
on the ball, which repairs ksf lofs from* 
the glafs, and i^ converted into vapour 5 
the glafs attracts heat from the mer- 
cury, which therefore coiitfafts, till 
the equilibrium be gradually reftored 
from the neighbouring bodies. We 
have then three places filled of the co- 
lumn, at the top of which ftands the 
matter of heat ; the firft is occupied by 
air, the fecond by glafs, and the third 
by the liquid metal. That vapours 

Q^, transfer 
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transfer heat to rarefied air, I conclude 
from, their fudden x:ondenfation into 
drops. It is obvious, that evaporation 
is much forwarded, in this cafe, by the 
rarefaction of the air. The moifture 
is diflblved by the heat which flows 
out, and is, therefore, expanded into 
vapours that are vifible, and produdlive 
of cold, as is well known. The air, 
however, can fcarce deprive the glals 
of its heat, without the expanfion of 
the water into vapour, for when rare- 
fied, it a(fts very llowly on the dry 
globe of the thermometer j abundant 
moifture ad:s more efficacioufly than 
■when it is in fmall quantity ; nay, in ge- 
neral, the more volatile is the liquor 
ufed, the lower does the mercury de- 
fcend. Therefore vitriolic aither, high- 
ly red:ified fpirit of -wine, cauftic vola- 
tile alkali, water and efiential oils, 
Ihould, it would feem, be placed in the 
feries after air. 
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I HAVE fonnerl;^ ihewn thait heat is 
abforbed during^ the folution of falts 
which acquire a far more extenfive 
iiirface, and that it is let loofe again 
by fudden cryftallization ^. For the 
fame reafon, muriatic air eagerly at- 
tracts phlogifton, (XVL), not to men» 
tion other proofs of efficacy heighten- 
ed by an increafe of fiirface. Be- 
yond the fphere of contadl there is 
fcarce any attraction, and therefore the 
area is of more importance than the 
denfity. For if as much be fixed to a 
denfe,but fmall, as to a rare but extenfive 
furface, the elafticity of the matter to 
be fixed will be more or lefs reftrained 
below the equilibrium prevailing in the 
contiguous bodies, but the attractive 
power can fcarce fuftain fuch com- 
prelfion. 

Every body has a determinate fpe- 
cific heat^ which, however, appears, 

0^2 from 

* Opufc. vol, 1. 
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from experiment, to vary with the 
ftate of the body. In the foUd ftate 
it contains leaft, in tlie liquid more, 
and the fluid, in which there is the 
weakeft cohefion, has the moft fpe- 
cific fire. Within the limits of the 
ftate of folidity, no variation has as yet 
been obferved, though without doubt 
the fpecific heat ought gradually to in- 
creafe, in proportion to the approxima- 
tion to liquidity, and vice verfa. It can 
fcarce be doubted that fuch variations 
are perceptible in the flate of fluidity. 

Does this ftratum of fpecific heat, 
which involves the fmallefl particles of 
a body, in any way affect the weight 
of the whole ? 'Without doubt this fub- 
tile matter has gravity, and when it is 
fo fixed to the body by attraftion, as 
not to a£t upon the thennometer, it 
ought to caufe an increafe of weight. In 
folids, indeed. It conflitutes but an in- 
finitely fraall augmentation, fo that the 
weight 
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weight cannot be obferved without 
great difficulty ; but in fluids, in which 
it abounds more, and bears a greater 
proportion to the weight of the whole, 
it ought not to elude the accuracy of 
our inftruments. Some experiments of 
Mr Lavoifier afford hopes that it may 
be acftually determined*. That very 
accurate chemift burned fulphur and 
phofphorus inclofed in common air by 
means of mercury ; and when the appa- 
ratus was grown cold, he found that the 
acids, when freed from their combina- 
tion, twice or thrice exceeded the burn- 
ed materials in weight. Now whence 
comes this increafe? Let the table at 
the end of this paragraph be confulted, 
and it will be found that the fpecific 
heat of fulphur, and concentrated vi- 
triolic acid, is as o, 18 j: o, 758, that is 
nearly as i : 4. But if we conlider^ that 
the fpecific heat of vitriolic acid in- 
creafes along with the inherent water, 

CL3 and 

^ Mem. de PAcad. de Paris, 1777. 



ther the liquid which we find, does nos 
originate in part from extraneous rooi- 
fture. A very accurate weighing of 
the refiduum likewlfe, without any fo- 
reign additaments, may perhaps fei-ve 
to determine the abfolute weight of 
heat, which promifes the illuttration 
of many obfcurities. Laftly, we fee 
the preppfterous manner in which the 
gravity of heat has been hitherto 
fought ; metals, the heaviefl of all bo- 
dies, have been ufed for this purpofe, 
though they were of aU others the moft 
unfit. 

Thp laft ten years are remarkable, a- 
xnong other things, for the change of 
ynany fubftances jntq an aerial form. 
And it is certain, that the generation 
of elaftic fluids is highly worthy of ex^ 
aminati(jn. The experiments \yhich 
have been hitherto made, feem to in- 
dicate, 

I. That 
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I. That the fuhftances liable to this 
change are the more Jimple^ efpecially 
falts,' both alkaline and acid. We have 
long known, that the vitriolic, nitrous, 
muriatic, fluor, and acetous acids, as 
' well as all thofe of vegetable and ani- 
ijial origin, as alfo the vegetable and 
volatile alkali, may be brought to the 
jftate of air. Thefe, retaining their a- 
cid or alkaline nature, are readily ab- 
forbed by water, and ought, thei'efore, 
to be coUeded in veflels full of mercu-^ 
ry. The aerial acid is as yet of ob- 
fcure origin. Moreover, fulphur^may 
be refolved into hepatic air ; nay, fili- 
ceous earth, with all its fixity, may be 
made to aflume the form pf air f . 
Many more bodie? will, doubtlefs, 
hereafter, be brought to the fame ftate. 
Gold itfelf may be converted into the 
form of vapour by means of fire j but 

whether 



f Opufc. vol. ii. pp. 340. 34^, 
f Ibid» vol. iii. p, 397« 
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■whether it can put on that of air, can- 
, not be detennined a priori, 

2, That the principal cau/e of this ■ 
transformation (V to be fought in the matter 
of heat, which fubtilizes fubftances, and 
gives them elaflicity, by loofemng their 
particles. No elaliic fluid is found 

• "without a large portion of fpecific heat j 
nay, phlogifton itfelf is refolvable by 

, thefe means into an elaftic form. The 
matter of heat comes in fome proceC- 
fes, either from the fire itfelf, when, 
for inftance, the aerial add is expelled 
from chalk, inflammable air from iron 
by heat alone ; or when it is extricated 
by the vitriolic acid, for in the new 
combination the acid cannot retain all 
its fpecific heat j what is fuperfluous is 
extricated, and either totally or in part 
abforbed by the air that is generated. 
This will be well illuftrated, if we take 
equal portions of water, and add to the 
firft, cauftic vegetable alkali, to the fe- 
' cond, 
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cond, aerated vegetable alkali^ and to the 
third an equal weight of aerated vola- 
tile alkali; upon pouring in nitrous 
acid, a great degree of warmth will 
arife in the firft, a moderate degree in 
the fecond, and in the third one ftill lefs 
confiderable ; nay cold, when the quan- 
tities are varied, is produced upon fome 
occafions. The reafon is, becaufe, in 
the firft cafe, the acid in uniting with 
the cauftic alkali gives out its fiiperflu-- 
ous heats without diminution 5 in the 
fecond, the aerial acid ablbrbs great 
part of it ; and as, in the third cafe, 
more of this acid is extricated, more 
heat is abforbed, infbmuch that the 
quantity fet free being infuflBcient, the 
deficiency is fupplied from the water 
of the folution, and fenfible cold is ge- 
nerated. On the other hand, in the 
combination of the aerial acid with 
cauflic alkali, the heat neceflary to 
maintain the aerial form is fet loofe, 
jmd produces a degree of warmth cor- 
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refpondlng to its quantity. The other 
elaftic fluids fliew the fame thing ; the 
contiguous bodies are cooled during 
their produdlion, and heated when they 
are fixed. 

3. Phlogiston appears Ukewife lo be 
fnecefary. Thus the acids, as the vitrio- 
lic and the nitrous, which in a ftate of 
purity contain no phlogifton, are refol- 
ved by warmth into elaftic vapours, but 
are condenfed into drops on mere cool- 
ing ; but, by the addition of phlogifton, 
afford permanently elaftic fluids : this 
fubftance is therefore to be confidered 
as a bond, afliixing the neceflliry quan- 
tity of heat. The fame thing holds 
with refped; to hepatic air, which can- 
not be obtained from fulphur, without » 
the addition of phlogifton. But the 
acids which always contain phlogifton,. 
as the muriatic, that of fluor, thofe pro- 
cured from the vegetable and animal 
kingdom. 
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kingdom, ne^d nothing but heat to put 
on an aerial form. 

4. Moreover, the different quantity of 
phlogifton occajions a great change. In ni- 
trous air extricated from different me: 
tals, there is fome variation ; that which 
furrounds iron filings in a clofe veHel, 
is by degrees fo much corred:ed that it 
not only does not extinguilh flame, but 
even dilates it. 

In this flate, it is called by fbme de-* 
phlogifticatedy with what propriety I can 
fcarce perceive, fince the filings are at 
the fame time calcined, which clearly 
fhews a lofs of phlogiflon. Befides, 
this experiment feems to coincide with 
that hypothelis which derives vital air 
from nitrous acid fufEciently phlogifti- 
cated. The eledlric fpark taken in al- 
kaline air, produces inflammable air, 
either by tranfmuting part of it, or, as 
it feems, by fetting free the combined 

phlogiflon. 
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phlogifton, and iumifliing the necei 
ry fpecific heat ; for the bulk is much 
augmented. Other inftances of varia- 
tion arife from the diminution of phlo- 
gifton : fuch is that elaftic fluid -which 
is called depblogifl'uated fed fait. To this 
head we may alfo refer that air which 
is procured from nitrated Tolatile alka- 
li, digefted with magnefia nigra, and 
which refembles corrupted air. The 
power of magnefia nigra in dephlogi- 
fticating other fubftances is well known. 
That which is generated by the explo- 
fiou of fulminating gold, in whichcfome 
degree of dephlogiftication certainly 
takes place, is of the fame nature *. 



Althodgh the quantity of phlogi- 
fton in various bodies fhould decreafe, 
as the fpecific fire increafes, I would be 
far from deducing from this circum- 
ftance any mutual repulfion. The aug- 
mentations and diminutions compared 
together do not warrant fuch a concla- 
' fioaj, 

* Opufc. vol. ii. pp. i6r: i6s. 
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lion; and fpirit of wine, a fubftance 
abounding in phlogifton, has a greater 
quantity of fpecific heat than water, 
not to mention other arguments. 

Before I leave the genealogy of ae- 
riform fluids, I muft explain what I 
mean by the phrafe aerial form. I un- 
derftand by this term fucb a fubtiliza- 
tion of a body as renders it elaftic, pel- 
lucid, invifible, light and permanent ' 
in cold, though not capable of pafljng 
through the pores of glafs. Vapours 
which conflitute imperfedt kinds of air, 
are condenfed by refrigeration. On 
the other hand, we have elaftic fluids, 
which may be not improperly ftyled 
athereal ; to fuch, neither the pores of 
glafs, nor of any other known body, are 
impenetrable. ^ To thefe belong the 
matter of heat, and the magnetic fluid. 
The eledrical fliiid eafily penetrates all 
bodies, except electrics perfe. More- 
over, light fcems to be fomething inter- 
mediate 
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mediate betiyeea. aerial -and xthereaJl 
jibftances ; for it pafles through tfa<^ \ 
pores of glais, but not thofe.of metals f 
and other opaque fubftances. 



Hence the necellity of determining 
■ the weight of the fpecific heat, in the 
,flnalyfi« of aeriform fluids, plainly ap- 
^Jiears. "With refped to inflammable 
•i4ir,-I have before offered a /ketch ; and 
tl truft that Mr Kirwan, who has fo fuc- 
'cefsfully engaged in this tafl?, will not 

negleifl this important part, fmce tHe 

analyfis will be otherwife imperfeft ; 

and when it is once known, their na-. 

ture and origin will be wonderfully il-- 

luft rated. 

Here follows a table of fpecific» z.^ 
far as they have been hitherto invefti- 
gated. I thought it proper to difpofe 
them according to the three ftates of 
folidity, liquidity, and fluidity. The 
fpecific heat of water is denoted by 
unityj- 
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unity. Water heated to 130 degrees 
melts an equal weight of fiiow ; but the 
water thus brought to a liquid date is 
at the point of congelation. It would 
certainly be worth while to weigh, with 
the utmoft exadnefs, a piece of ice in 
a perfeftlyclofe veflel, and to repeat 
the operation after it was melted. Th«. 
ftopple muft fit^ in the moft accurate 
manner, left any thing fhould be Ipft ill' 
confequence of evaporation. This 
experiment has not yet, as far as I^ 
know, been performed with proper 
care and accuracy ; it may, however, 
afcertain, in fome meafure, the abfo- 
lute weight of a quantity of the prin- 
ciple of heat correlponding ^o 130 de- 
grees. 
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SOLI 


D S. 






Spic.grav. 


Spic. beat. 


Aerated volatile alkali 




1,851 


Swcdifti glafs, 


2,386 


0,187 


Flint glafs, 




0,174 


Agate, 


2,648 


0,195 


Ice. 




0,900 


Sulphur, 




0,183 


Gold, 


19,040 


0,05» 


Silver, 


10,001 


0,082 


Mercury, 


13.500 


■0,033 


Lead, 


",456 


0,042 


Copper, 


8,784 


0,114 


Iron, 


7,876 


0,125 


Tin, 


7,380 


0,063 


Bifmuth, 


9,861 


0,0+3 


Antimony, 


6,107 


0,063 


Brafi, 


8,3S6 


0,1 iS 


Calcined lead, 




o/)63 


Calcined iron. 




0,320 


C^cined tin. 




0,096 


A mixture of lead and 


tin 




^ calcined. 


T\: 


0,102 

1 _:— 



^ 



dn Ekaivt JHriimoik, dig 

Sficc.gravi Spec.beai. 

Diaphoretic ixktimi&tiy 

wafhed, - 6>22d 



Sfec.grtn. Spec. beat. 

Pure water, ^ • 1,000 1^006 

Clear vitriolic acid, i>885 6^758 

Dark coloured vitriolic 

acid, - - ij872 o^d 

Pale nitrous acid, ^ ' 0,844 

Red and fmoking^ U3&S 0,576 

Smoking muriatic acid^ 1,122 .o,6dc5 

Red wine vinegar, - ' o>^87 

Concentrated diftilled vi- 
negar, - - 0,103 

Alkali of tartar by dcl|- 

quefcence, - 1,346 0,7551 

Cauilic volatile alkali, 0^997 0,70^ 
Of vitriolated foffil «Ikali 

I part, in 

of water p. 2. 9^ • 0,728 

R2 Of 
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Sf, 


t. grev. 


Sftc. beal. 


Of nitrated vegetable al- 






kali, p. 8. 




0,646 


Of muriated foflU alkali. 






p. 8. - 




0,832 


Of muriated volatile al- 






kali, p. I. 5. 




0,798 


Of depurated tartar, 






p. 237- 3- 




0,765 


Of vitriolated raagnefia, 






p. 2. - 




0,844 


Of vitriolated clay. 






p. 4. 45. 




0,649 


Of vitriolated iron, p. 2. 5. 




0,734 


Brown iiigar diflblved. 




1,086 


Oil of olives. 




0,710 


linfeed, 




0,528 


' whale, (ipermaceti) 




0,399 


turpentine, 




0,472 


Reftified fpirit of wine. 


0,783 


i,o85 




D,8i8 


0,99+ 


■^■ 


FLUIDS. 
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FLUIDS. 

1 

^ — • 

1 

i" 

Sfec.grav» Spec.beui. 

Vital air, - 090,132 87|00O 

Atmofpheric, - 00Q>I25 18, poo 
Aerial acid, - ' 000,181 0,270 

f f : ■■ '. • - ■ .J r 

I HAVE been infopned by Mr Kiryran, 
iu a letter, that Dr Crawford found the 
Specific heat in equal bulks of inflam- 
mable and atmofpheric air equal. Admit- 
ting this, if the ipecles of ait iv^ Mr K^r- 
wan's table, publifhed by Mr .Magellan, 
are eftimated by weight, the fpegific heat 
of inflammable air will be 28.1, which 
is more than triple of that of vital 
air* ■ 



D.] The theory of the diftribution 
being now in fome meafure explained, 
it is proper to confider the origin of 

R 3 fire 
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\ fire in inorganic bodies, its propagation, 
and the confcquences. 

FiRB is fuch an accunjulation of heat 
fjhat the bodies expofed to it become 
Pignited or idflamed. The chief means 
rof exciting it are : 

The ftriking of flint or pyrites 
Fjigaiafl fteel, by which the abraded 
flobules are Igijitcd, fufed and calcl- 
ed. 

2. The forging of iron, -which is 
brought to ignition by repeated ftrofces 
of the hammer. 

3. The mixing of ftiipHur and fteel 
filings, which, -with a proper degreeof 
pioifture, grow warm, and burft after- 
Awards into flame. 

'' 4. Adding the finoking nitrous aci^ 
in a proper manner to oils. 

5. 



^ 
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5. Pyrophokus grows red hot in 
atmofpheric «aix, and, produces flame in- 
vital air *. 

Ik all thefe cafes, there is no heat 
produced without vital air, which aUb^ 
according to circtimilances, is more or 
lefs diminiihed. Phlogifton is likewiCe 
prefent in them all. The late EngHifa 
philofophers contend, that the difengar^ 
ged phlogifton unites with vital saxy 
and forms aerial acid, or when in -a 
larger proportion corrupted air, by 
which change, a great quantity of Ipe- 
cific heat is neceflarily fet loofe, and 
being accumulated, produces ignition, 
and even flame when inflammable air 
is prefent. Scheele contends, that vi- 
tal air may be totally changed by phlor 
gifton; into the matter of heat. Botlr 

R 4 opinions' 

« 

* Mr Kirwan has lately informed me by letter that 
there is a certain kind of earth found in Derbyfhire 
^hich takes fire.ki a fliort time, on the addition of lin- 
feed oiU I have not as yet feen this earth» 
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I 

^U Ham 



opinions are fupportcd by ftrong argu- 
TOents. It is, therefore, of great im- 
portance, that the nature of the combi- 
nation of phlogifton and vital air 
fliould be demonftrated. Mr KJrwan 
thinks the aerial acid is the produift ; 
and by his {agacity, has been able to 
render this opinion very probable : 
there is, however, ftill room for fome 
doubts ; when thefe have been remo- 
ved, the fyftem of Scheele will fcarce 
be tenable. It is probable, that,. in the 
two firfl cafes, a part of the fpecific 
heat is exprefled by the compreffion of 
the pores, and accumulated when the 
dephlogifticating temperature commen- 
ces, and is afterwards increafed by the 
furrounding air. The ignition or in- 
flammation of inorganic bodies is pro- 
pagated to others that are capable of 
it, by contad or vicinity. All bodies 
may be ignited j a few only can be in- 
ilamed j fuch are fulphur, phofphorus,, 
inflammable 
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fomeotkettiv I'-.rn...^^-' ^' *^ -•• 

The coni^qtiences bf ignkibii or ti6* 
flagration vary according to the diver- 
fity of bodies/ and the tlegrees of fire; - 
The accumulation'^ ' of heat c^ufes ' ex- 
panlion,"idfie's,:Jiquefies, makes bodies ^ ^ 
red hot> expels fuch as are Tolktile'/ iii^" ■* 
durates/ inflames^ volatilizes, calcines; 
vitrifies, reduces; ' The refidUa '" abfijrb 
a quantity ^f heat ' fuitable to their ^to- 
ture, as i$* very evident from pyrbpfio^ 
rus, which deftroys, during its ignition, 
nearly \ o£ atmoipheric air, whereas 
other mediums fcarce dimihifh- it by - : 
in vital air it takes flame, and nearly 
i^l: difappear*. The caufe is to be 
fought in the hepar which is contained 
in pyrophorus, and in the decompofi-: 
tion of the fulphur, in confequence of 
which the vitriolic acid is laid bare, 
and naufl neceflarily be furhilhed with its 

portion 

* Lavoifler; 1. c. 



a66 



On EleHive jSttraShns. 



portion of fpecific heat *. Some refidu 
are of an acid nature and deliquefcenti 
Others are found in the form of calces, 
aihes, laline or refinous compounds. 

E.] Vegetables, though they yield 

the greateft quantity of combuftibllB 

' matter in our globe, and eafily proj 

^pagate fire once lighted, generate it 

» themfelvcs' but very flowly. To pro- 

F duce it by fridlioa, there is required 

'.wood, hard, dry, and penetrated with 

much inflammable matter, and even, in 

rthefe circumftances, the operation is a 

' trial of patience. It is faid, that fire 

'has often arifen from the accumulation 

of grafs not {ufficiently dried, but no 

one yet, as far as I know, has examined 

thefe pha;noraena with due care. 

When dry wood is erpofed to fire, it 

grows warm and expands j the humidi. 

ty, which is generally acid, is refolved 

into 

■ Scf the fabdivifioa marked C. 
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into vapour 5 \\y^ phlogifton is difpofed 
to be driven off. and then is attracted, 
partly by the furrounding vital air, and 
is partly difengaged with the requifite 
ipecifie heat in the form of inflanir 
mable air, and, in the fame inftant, is 
fet on fire aijd produces flame. Thus, 
the whole fabric of the wood is gra- 
dually deftroyed, and, in the mean 

tjme, more or lefs fmoke is emitted, by 

» 

which the foot is deputed, fire can- 
not fubfift wifjiout vital air. Hence, 
when it is lighted, an afflux of air iQ 
a continual ftream takes place, which 
rifes loaded with phlogifton, and rare- 
fied by warmth, carrying alpng with it 
carbonaceous particles not fufficiently 
burned ; which particles are loaded 
with fixed vegetable as well as volatile 
alkali, and with earth and fal ammpni-. 
ac. I have afierted, that the particles 
not fufEciently burned, generate foot ; 
for the furnace, which has the name of 
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mxiinooi, totally (Icflroys the Cnoke which 
is brought through the fire-place. 

When the inflammable air, and, of 

courfe, the flame fail, the conflagratioD 
n diminilhed, and nothing but char- 
coal and afhes remain. In a clofe vef- 
fel the charcoal amounts to one-fourth, 
feldom to one-fifth of the weight of 
the wood J but in the open air, great 
part of the charcoal is refolved into 
aflies. This is effe<5led by a double at- 
tra<3:ion ; the vital air folicits the phlo- 
gifton, while the alkali and alkaline 
earth attrad; the aerial acid. In a 
clofe veilel charcoal refills the moft 
intenfe fire. This fubftance is nothing 
but a combination of phlogifton and 
aerial acid, a fpecies of fulphur which 
is found intimately combined with 
cauftic alkali and alkaline earth, and 
hence it approaches, in fome meafure, 
to the nature of hepar. By combuftion 
in the open air, too parts of charcoal 
contain 
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contain about 6 of afhes ; of thefe j~ 
confifls of alkaliy tbe reft of earth, in 
great meafure alkaliiie. I have parti- 
cularly examined well burned charcoal 
made of the pinus fylreftris of Linnaeus. 
Of this I part, during detonation, al- 
kalizes 3 of nitre, hence the phlogi- 
fton it contains, is, in comparifon 
of that contained in forged iron, 
as 3 to i *. Upon 100 parts re- 
duced to powder, I poured concen- 
trated vitriolic acid, then diftilled to 
drynefs, and, in a pneumatic apparatus, 
coUeded about; 82 cubic inches of aeri- 
al acid, of which each is equal in 
weight to a docimaftic pound. If 
then we add 3, which nearly corre- 
fpond to 6, the parts of the aerated 
afhes, there remain 15, which give the 
weight of phlogifton. No veftiges of 
vital air appear. The proportion of 
the principles varies according to the 
diverfity of the wood, age, exficcation, 

and 

• Analyfis ferri, pp. 51, 52. 



2J2 



Oh EkS'tvt AnraSimu 



a more violent motion than ufual^ 
nd the heat is at the fame time in* 
ICTeafecl, an effed to be afcribed to the 
l^antity of air refpired, and by no 
neans to friction in a body full of li- 
quids. Animals without lungs have, 
their temperature depending on that 
of the medium in which they live j to 
I us they feel cold, not to adduce any 
[ more proofs of the efficacy of the air. 
[ But the manner in which the effetS is 
[ produced, is conned:ed with the pre- 
[ fent enquiry. Dr Prieftley contends 
\ that common air ferves to carry ofF 
rthe fuperfluous phlogifton of the body. 
Dr Crawford afterwards embraced this 
opinion, and has admirably illuftrated 
the whole procefs. Having not yet 
feen his pamphlet, I have borrowed 
my idea of his fyftem from Mr Ma- 
gellan's effay. The fpecific heat of 
common air is to that of aerial acid, as 
69 : 1, fo that if thefe two fluids were to 
receive an addition of heat of one de- 
gree 



gre0>| , th^^^-(fOTipf^rh»vould * fix 69 n^imes 

from the obferyationtf made at P^terf^ 
burgh^ . th^t: the iqercury may defcend 
at leaftj iii degrees of ;.the Swcdiftr 
thermomejter,] ; b^Uw the mean teiot» 
perature. Xbeij^pre, if therCommpn 
air waSftq be changed . intQ aerial, acid^ 
69 X in ± 7659. degrees of Jieat -muft 
be fet free, /. ^.13 times more than is 
neceflary to turn. iron red hot. ^ -No w; 
as common air is phlogiftiqated iatbci 
lungs^ and conyerted into aerial Aaid> 
^e may hence form fome. judgment 
of the quantity of heat, which is 
fet free by refpiration, and may 
ferve to warm the body. Beiides, as 
the; fpecific heat of the arterial blood 
is to that of the venous, as lop : 89,- 
the author thinks it evident, that phlo^ 
^ifton is gradually accumulated in the 
veins, and. exonerated in the^ IttBgs, 
-r- -. . -. . .S . . . •: ' : that 
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chat the blood may be rendered capable 
of receiving the due fpecific heat. 

All this is pretty confiftent, and 
fhighly ingenious : but that all the fun 
Idamental parts of this theory, which 
Fare certainly not improbable, may be 
rfiirther illuftrated by new experiments, 
f I fhall add a few remarks. 

r. It remains to be afcertained, whe- 
ther animals or vegetables contain moft 
phlogifton. I know no experiment 
which decides this queflion, and it 
feems indeed very difEcult of folution, 
for the problem is, not concerning 
this or that particular part, but to 
compare the whole body of an animal 
with a vegetable of the fame weight, 
If we confider our food, confifting en- 
tirely of organifcd bodies, we (hall find 
that they have been for feme time dead, 
before they appear on our tables, of- 
ten long before j and there can be no 
doubt» 
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Oubt, but more or lefs of phlogifton 
i extricated during the interval. Nexc 
the operations of cookery diffipate a 
confiderable quantity, nor can we be 
certain that this is compenfated by the 
iauces. The flatulency that is expelled 
from the belly, is inflammable, and 
the folid excretions are well known to 
abound with phlogifton. Beiides, a 
great quantity of phlogifton feems to 
be requifite for the purpofes of the 
animal ceconomy at all times, and in 
every part of the fyftem, and I confefs 
that I know not whether that which is 
taken in with the ingefta is fufficient. 
Still lefs can I be certain that there is 
L^y fuperfluity to be carried off. 



3. Experiment fhews a greater fpecl- 
fie heat in the arterial than the venous 
blood. Let us grant that the accef- 
fion of phlogifton often leflens the 1 



; fpe- 



cific fire, it by no means follows that 
S 2 phlogifton 
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phlogifton is the agent in the prefent 
cafe. We have other means of bring- 
ing about the fame diminution. Thus 
the pureft vitriolic acid, added to wa- 
ter, excites a great heat. The water 
combined with the acid cannot retain 
all its former fpeciiic heat, wherefore 
the fuperfluous part is fet free, and that 
without the aid of phlogifton. While 
the blood is circulating, various changes 
may diminilh the fpecific heat, which 
indeed feems neceflary, that the parts 
at a diftance from the heart, may con- 
tinually receive fome heat. 

3. I KNOW no experiment which di- 
redlly fhews that the blood imparts 
phlogifton to the air. The air is in- 
deed corrupted, but that this can only 
be effefted by phlogifton, is a merie 
fuppolition. On the contrary, by 
the contaiit of blood, nitrous air is 
dephlogifticated. 



^ 
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dephlogifticated, and atmofpheric air 
is meliorated *• 



4. That the expired air contains a 
portion of aerial acid cannot be doubt- 
ed, but I think that the quantity re- 
quires to be determined more accurate^ 
ly.' If all that is good is converted 
into this acid, 1000 cubic inches of 
atmofpheric air^ of which one 4 is vital, 
ought, according to the analyfis of Mr 
Kirwan, to be condenfed to the bulk of 
about 926, i: e. ^\ ihould difappear, and 
of vital air, 1000 fliould be reduced by 
refpiration to 863, /. e. they Ihould bie 
diminifliedby ^, if they can be inhaled 
by the lungs till they are totally cor- 
rupted. Suppofing that aerial acid is 
further changed into corrupted air, a 
fmaller contradlion may be expedted. 

Bi/t the dodtrine concerning the o- 

rigin of animal heat, is reducible to the 

S 3 fundamental 

♦ Dr Prieftlev. 
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fundamental quellion, concerning^ the 
change of vital air into aerial acid, and 
of this into corrupted air ; an opini- 
on which every day feems to receive 
confirmation. Mr Kirwan has lately 
communicated to me a new experi- 
ment of great importance, made by Dr 
Prieftley : That calx of mercury, 
which is commonly called precipitate 
per fe, and which, when expofed to fire, 
yields pure vital air, afforded but -^ of 
vital air on the addition of iron filings, 
and I of aerial acid. If the filings had 
fuffered no degree of calcination, this 
refult feems to decide the queftion. 
Meanwhile, I rejoice, that it is reduced 
to fuch a ftate, that we cannot long re^ 
TOsin uncertain. 
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XLIX. 



Column 1'blrly-eigbtb, Sulphur, 



SuLPHDR prefers fixed alkalis to 
earths 5 on which account, hepar made 
with lime, and diflblved in water, is de- 
compofed by alkali, and a faline hepar 
is formed. Between vegetable and mi- 
neral alkali no difference in this re- 
, ipe(^ has yet been obferved. The 
I .power likewife of ponderous earth has 
not been afgertained ; it probably 
yields to fixed alkali, for volatile alkali, 
both cauftic and aerated, precipitates 
hepar made with lime, when difTolved in 
a fmall quantity of water, and feparates 
the calcareous earth. Let magnefia al- 
ba be put into a phial with flowers of 
fulphur,and diftiUed water; let the phi- 
al be clofely flopped, and then digefted 
a few hours in a water bath ; when it 
afterwards cooled, i 



S 4 



yield a 
weak 
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weak folution, emitting an hepatic 
imell, and turning black on the additi- 
on of nitrated filver, or acetated lead. 

Volatile hepar, obtained from ful- 
phur dlftilled with fal ammoniac and 
lime, is very foon decompofed in the 
open air, fince pui^e volatile alkali at- 
Iraits the aerial acid in .preference to 
fulphur. That this alkali is fuperior 
to earths, appears from what has-been 
faid above. It is well known, thatmer- 
cury and arfenic take fulphur from it, 
for thefe metals^ and even their calces, 
when added to the volatile hepar, are 
mineralized in the moift way ; the for- 
mer yielding cinnabar, and the latter 
red arfenic. It is probable,- that this 
is truq of other calcined metals. 
Hence it appears, that the calces of 
metals maybe combined with fulphur, a 
■ truth which ochre of iron ihews clearly 
and diredlly ; for by being mixed with 
fulphur, it yields efflorefceht vitriol : the 
operation 
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operation may be forwarded by inoift- 
ening the mixture. It has been elie- 
where fhewn *j that calx of antimony 
can take up fulphur. Nay, the calces 
of lead, tin, and filver, when added to 
faline hepar, feiem to take fulphur from 
vegetable alkali. 

It now feems np longer doubtful, 
where the oils fhpuld iland in columns 
26 and 27 5, for I have obferved, that 
a drop of oil, added to either faline or 
earthy hepar, produces white coagula, 
refembling foap. This matter is alfo 
foluble in fpirit of wipe, and the oil 
may be precipitated from fuch a foluti- 
on by water. But it is as yet undeter- 
mined /in what order fulphur attracts 

the oils. . ' 

* 

In the dry way, alkali occupies the 
firft place > then ^follow the metals, of 
which the refpedlive ftation is to be 

• afcertained 

^ Dc antim. fulphur. p. 177. 
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afcertained by their mutual precipitati- 
ons J but as diftindt reguli are fel- 
dom obtained by thefe means, the ope- 
ration ought to be frequently repeated, 
that the truth may be fully determi- 
ned : the places of nickle and of cobalt 
are as yet uncertain. Gold, platina, 
[ zinc, and perhaps manganefe, refufe to 
rtmite with fulphur, unlefs they be con- 
l^ined with fome proper additament. 



L. 

■Column 'Tbirty-nitith, Saline Hepar, 

Saline liver of fulphur has no place 
here, except in thofe cafes in which it 
fufFers no decompofition. It diflblves 
and retains almoft all the metals, zinc* 
alone excepted j but no one has afcer- 
tained with what force it attracts them, 
and whether they can be mutually 
.precipitated in the dry way. They 



can ieldoiA l)e combiaed Vrithout iu&^ 
on J but when the combination is once 
formed, it is foluble in water. Mercu* 
ry, however, and antimony^ are dkR)l* 
ved in the moid way, with the affiftance 
of heat, which has not yet been afcer* 
tained with reipe<5): to any other. 

Hepak diflblves charcoal both in the 
dry and moift way } the Ablution is of 
a green colourt 

In the dry way, the metals precipi- 
tate one another more diftindlly than 
when combined with iulphur ; the ope- 
rations fhould be repeated oftener than 
once, that we may be quite certain bf 
the conclufionsj anid thongh rhare fe-* 
veral times made fiich experiments, I 
have not yet attained fo macfa certain- 
ty as I could haVe wifhed. Mean- 
while, I follow the order which my ex- 
penments have iuggefted^ I leave it to 

be 
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be confirmed or correfted by future 
trials. 



Manganese feems to hare the lame 
attradlive force as iron ; at leaft I have 
not yet been able to leparate them by 
means of hepar. Next follow, iron, 
copper, tin, lead, filver, gold, antimony, 
cobalt, riickle, bifinuth, mercury, and 
arfenic. The places of the two laft 
particularly are doubtful ; nor are 
thofe of gold and antimony fatisfaftori- 
ly fettled. 

^'j'. - . ■ ■ . 'r '■ ■ ., 

■* ' Column Fortieth, Spirit of Wine. -»jji 
' T*r 

I HERE fuppofe the fpirit deprived, as 
much as poffible, of fuperfluous water ; 
that I mean which does not enter into 
its compoiition. It attrads water very 
forcibly, 



rv 



On EleShe Atira&ous. 285 

forcibly, infoinuch that'^ther diflblved 
in it is feparated, at leaft in great mea- 
fure. Eflential oils feem to adhere to 
it with lefs force than aether. It takes 
up pure alkalis, and hepar, but the or- 
der is as yet unfettled. The Count de 
Lauraguais has fhewn how the vapours 
of fulphur may be diflblved in fpirit of 
wine. 



LII. 

Column Forty-Jirjij JEther. 

This, as it were, intermediate fub- 
ftance between fpirit of wine and eflen- 
tial oils, forcibly attrafts fpirit of wine, 
eflential and unAuous oils. I cannot 
yet eftablifli with certainty the fuperior 
force of either of the firft mentioned 
fubftances. Such is its fiibtilty, that 

r 

it diflblves the elaftic refin, which, as 

' ' ' well 
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• -meW as fulphur, may be prectpit^t^ bjr 
tater, 

UII. 

Column Worty-Jetond, E^Htiai Oil. 

These oils take up jether, fpiritof"! 
■wine, and fulphur, but the feries ha» 
not been fufficiently csamined ; nor 
can this eafily be done, fince they do 
not precipitate each other, but form 
triple comppund?. 

LIV. 

Qolfmm Foriy-tkird^ UnSuovs QiJ, 

Five fiibftances occur here, but tlicir 

places, if we except the laft, are ngt 

clearly fixed. Some acids take qp em- 

pyreumatic vegetable oils. Spirit of 

tartar. 



^ 



tartar^ as it is called, abforbe na fiaall 
portion of oil of tartar j and therefore, 
at the conclufion of the diftiUation, 
they ihould be feparated, otherwife the 
oil will be fenfibly diminifhed by the 
acid» Vinegar has likewife this power* 



LV. 

ColiMn Fwty-fiurthy GokL 

1 HAVE iilready feveral times noticed 
the difference between the noble and 
ignoble metals. The king of metals, 
to fpeak with the ancients, is diredly 
attacked by dephlogifticated muriatic 
acid, (XVII.) by aqua regia, (XVIIL) 
and nitrous acid, (XIV,) ; but thq other 
acids, being deficient in power to carry 
off the necefTary quantity of phlogiflon, 
do not take it up, unlefs it has been 
precipitated from fbme one of th^ three 
iufl mentioned. That a precipitate 

procured 
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procured by alkali js a true calx of 
gold, is evident from the want of bril- 
liancy, its folubility in aqua regia with- 
out producing red fiimes, its power of 
tinging glafs, l^c. The calx is! diflbl- 
ved by the acids of vitriol, arfenic, fluor, 
tartar, phofphonis, fat, and above all, 
by the acid of lea-falt in its entire 
•Hate J but the feries remains to be af 
certained. The acid of ants has not 
this power, at leaft it does not turn yel- 
low J the calx, however, foon grows 
black, but is not reduced, fince it is ta- 
ken up by muriatic acid. The fame 
thing is true of vinegar 3 but inftead 
of a black colour, an obfcure purple is 
produced. The acid of Pruffian blue, 
faturated with calcareous earth, preci- 
pitates gold from aqua regia, in the 
form of white powder ; but when too 
much is added, it difTolves the ftdiment. 
The powder of gold precipitated by 
alkali, in like manner grows white, 
when 
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when pat into the acid of Fru£iaxi 
bltte# 



j£th£R takes gold from all t^ 

acids. It alfo directly diflblves the 

calx, learing gold itfelf^ howeycr toi* 
nutely divided^ quite untouched^ 

. Calcined gold feems moreover to 
be foluble in alkali ; for when it is ad- 
ded to a folutiori of gold, fo as to ex- 
ceed the potnt of fatnration, there flill 
remains in the fblution enough of the 
metal to produce a difiind: yellow co- 
lour. 

In the dry way, gold combines with 
all the metals j but in what order thc^ 
are to be placed, can fcarce be difcovered, 
fince three and more eafily unite with-* 
out the exclufion of any one, (VIIL). I 
have, however, placed thofe uppermofL 
to which it feems moll willingly, and 
thofe below to which it feems more re* 

T lucSantly 
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ludantly to unite. The fame thin^ 
holds with refpeQ to moft other metaU, 
couceraing which iet this admomtion 
fiiffice. 

Gold is foluble in faline hepar. 
though it rejects lulphur. 



1S\. 



O^Mon Fortj^ftb, P laths. 

What has been jofl iaid of gold, is 

applicable in great meafure to platina, 
which, however, in the ftate of a pre- 
cipitate, is foluble in more acids, as in 
that of fugar, forrel, lemon, ants, and 
in vinegar. The acid of PrulEan blue 
feems to have no power either as a pre- 
cipitant or a folvent. 



That platina is always contamina- 
ted with iron, in my opiuion, indicates 

nothing 



n 



On Ek&he AUraSiom. 201 

, ....-•.,■. V -^ ., 

nothing but the prefence of both metals 
in the places where ^ plat ina is found* 
He alfb who fliall confider the great dif- 
ficulty with which platina is fufed, will 
not wonder that the alloy is defended 
ty it fo as fcarce to be fepairable. This 
is fttongly confirmed by the precipitate 
of platina from aqua regia by fal am* 
monlac, which fhews noyeftiges of iroii^ 
when it is well fufed in microcofmic 
fait ^. It feem& moft probable that 
the magnetic power of the^ inherent 
iron is acquired by the tritiire in the 
iron mould, while the gold is amalgia- 
mated ; it is at leaft by this means con- 
taminated with quickfilver. Scarce 
any platina is brought to Europe^ which 
has not firft undergone this operation. 
Gold mixed with iron in fuch a pro- 
portion as to equal platina in fpecific 
gravity, totally differs from it^ 

T 2 The 

♦ Opuic. vol.il, p. 179.— 181. 
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The experiments of the celebrated 
Dr Lewis feem to indicate that platina 
is in fome degree attacked by liver of 
fulpbur. 



LVII. 






Column Fortj-Jixtb, Silver* 

Muriatic acid attra<!is filver more 
ftrongly than any other, and takes 
it from all the reft. The acid of fat, 
however, feems to equal it. It is pro- 
bable that the acid of PruHian blue is 
fuperior to none but the aerial. By the 
former faturated with lime, filver is pre* 
cipitated from vitriolic and nitrous 
acid, in the form of a white powder, 
but is rediflblved when too much is ad- 
ded. The acid of fugar feems to come 
next that of fat, for it decompofes lunar 
vitriol by attracting its metallic bafis : 
nitrated filver is precipitated by the 
vitriolic 
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vitriolic acid, by that of fugar of milk, 
and likewife by the arfenical acid, 1)ut 
fo imperfedly that it ihould, in appear- 
ance, be placed after that of nitre. 
The places of the following acids are 
lefs certainly determined. Silver pre- 
cipitated by cryilallized alkali is foluble 
in aerial acid, which may again be ex« 
pelled by fire ; aerated filver, however, 
is not taken up by water. Vitriolated 

ff 

filver is not precipitated by aerial acid, 
unlefs it contain a mixture of muriatic 
acid. 

Pure volatile alkali diflblves calcined 
filver^ and the folution will a£[brd cry-- 
flals. There is a new clafs of falts^ 
confifling of metals diflblved in alkalis^ 
highly worthy of attention, though they 
have as yet been but little, or not at all, 
examined. 
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LVIII. 



Column Forly-feventb, Mercury. 



Mercdry, in point of fufibiUty, con- 
ftitutes one extreme among the metals, 
and platina the other. The fomier re- 
quires only fuch a degree of heat as is 
rarely wanting in our atmdfphefe, but 
when the cold is inCreafed by art td 
the temperature denoted by 40*^ of the 
Swedifti thermometer, this metal like- 
wife begins to concrete,' and, in"' due 
time, becomes quite hard. Dr Pallas 
fays that ic was feveral times congeal- 
ed in Siberia by the natural cold. " la 
its common flate, therefore, it is to be 
confidered as a metal in fufion ;. and 
fmce, in its folid ftate, it is nearly as 
malleable as lead, it by no means ought 
to be placed among the feraimetals, 
'Otherwife the whole elafs mufl be con- 
fiderecl 



*1 
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fidered as brittle;^ for none is malleable 
when in fufibn. * 



. .'( 
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Acid of fat is placed fiHt, for it dif- 

' • . ' »■ . • . 

engages all the reft, even the muriatic, 

to Siirhich the fecond place belongs. 

• • • . • • « « 

The acids of fugar, forrel, ariibef, arfe- 
"nic^ aiid phofphorus, foon tixpclMthe vi- 
triolic' and nitrous, and fall with the 
calx of quickfilver to the bottoiii ; but 
tlieir^ refped:ive forces have . not been 
iijfficiently compared : acid of lugar of 
mHk precipitates mercury, but yields 

to the muriatic,/l)ut whether to tjhe vl- 

• ,-■.-•■ *•-••. 1---', 

triblic and thofe yiet ftronger^ is uncer- 
tain. ' Acid of krhdn pi^oduces a copi- 
bus^preclpitatlion of inercury ,^diflblved 
in the cold in nitrous acid, though but 
a fparing one when the folution is for- 
warded by heat. The fame holds with 
refpeft to the acid of tartar, of which 
it is moreover certain that it yields to 
the vitriolic. The fluor acid feems to 
lie weaker than the nitrous : the acid 

T4 of 
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of ants does not, as we learn from Mar- 
graaf, difToIve, but reduce the calx« 
The ftations of acetous acid, phlogifti- 
oated vitriolic acid, and the acid of bo- 
rax, remain to be afcertained with 
greater accuracy. The calx of mercu- 
ry, precipitated by mild alkali, com- 
bines with the aerial acJd j but this me- 
tallic fait is not foiuble in water. The 
acid of Pruflian blue decompofes aera- 
ted mercury, and forms cryflals. This 
acid precipitates filver from its folution 
in nitrous acid, when made in the cold, 
in the form of a black powder. Whe- 
ther it prevails over the vitriolic, and 
thofe ftill ftronger, by its fingle power, 
has not yet been determined by experi- 
ment. 
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LIX. 



Column Forty-eigbib, Lead. 



pO" 
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The vitriolic acid attra<S$ lead vidi 
greater force than any other, and im- 
niediately takes it from them- The a- 
cid of PruHian blue, alone, has no pow- 
er ; but by a double attraction a white 
powder is feparated, which cannot be 
rediffolved by adding an escefs of the 
precipitant. The acids of fat, of fugar 
milk, fugar, arleni<:, tartar, phofpho- 
, and forrel, certainly expel the mu- 
ii^tic and nitrous acids, at the fame 
time forming new compounds fcarce 
foluble i but their refpedlive order re- 
quires to be afcertained by farther ex- 
amination. The fluor acid prevails o- 
ver vinegar, as alfo do probably the a- 
cids of lemon and ants. To the reft, 
the obfervations in LVIII. are appli- 
cable. The calx of lead, when it con- 
tains 
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of nitre, are expelled by the vitriolic, 
and the acetous by the arfenical ; but 
the ftrength of the reft has not been 
iufficiently examined. The Prulfian a- 
cid, without alliftance, decompofes ae- 
rated copper J but fcarce any other 
compound of this metaL When com- 
bined with alkali, it decompofes them 
all, by means of a double attratflion, 
and the precipitates are rediflblved 
■when too much is added. The other 
acids take up only part of thefe fedi- 
ments ; what remains is of a white 
colour. Volatile alkali totally diilblves 
them ; the colour of the folution is a 
bluifn green, but they are again preci- 
pitated by water. 

Alkalis and oils attack copper, 
but in what order is not known. 

LXI. 
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Column Fiftieth, Iron» 

Acid of fngar immediately turns a 
foltition of martial vitriol yeUorvr^ ztA 
gradually feparates a yellow powder, 
confifting of th^ calx of iron, and the 
added acid. The acid of tartar, in like 
manner, decompofes it ; but the new 
fait does not fo foon become vifible, 
and it is more cryftalline. Green vi* 
triol, dijQTolved in muriatic acid, is fepa- 
rated by fpirit of wine, and therefore 
the yitriolic is to be placed firft. Acid 
of fiigar of milk is incapable of iepara^- 
ting the yitriolic acid > and the acid of 
fat yields to the nitrous. Pniiiia& 
blue is diflblved by its own acid } the 
folution is of a yellow colour : other 
^cids have no action upon it, which 
would feem to ihew that^this add has 

the 
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the ftrongeil attradlion for iron j and it 
does indeed precipitate it from the aerial 
acid, but from no other, as far as I know, 
unlefs it is laturated with alkali, that 
is, by means of a double ele<5tive at- 
inirtioa. The following places remain 
to be confirmeii by fanher experiment; 
it is, however, certain thar the acetoi» 
Mcid is inferior to the arlenical. 



LXII. 
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In almoii the whole of this cohnu 
the feries is doubttul, and very dia- 
cuh to be aicertaioed, Unce dn b- 
quires an excei^ of acid to be fefp *^ 
cd. It is cenaiu thu the acadE of ai» 
nic, xaiA lugu^ of milk, yield to the o- 
trkvlk- dud mariae, vhUe th^ueir 
pcricr to the ao^rocs. TW naA * 




fkt exceeds the marine^ in' firength of 
attraction. ■ 



Both fixed and volatile alkali attack 
calx of tin. 



LXIU. 
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Column Fifty-fccondy Bifmuth. 



'M 



Bismuth readily diflblves in nitrous 
acid J but the acids of liigar, fat, forrel, 
tartar, phofphorus, and arfenic, when 
added to this compound, attract the 
bafis ; but their relative; powers are un- 
determined : the : new 'com(>ounds fall 
to the bottom fcarce foluble, in the 
form of very fine powder, except only 
tartarized bifinuth, which, however, 
affords pellucid cryftalline grains, in 
10 — 15 minutes. As water alone caufes 
a precipitation, I either employed a fo- 
Jlution withiulch.an.excefs of acid, that 

a 
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a number of drops of water, equal to that 
of the precipitants, caufed no permanent 
cloudinefs, or elfe added acids, which 
may be procured in a concrete form, 

as moft of chofe juft mentioned. Thefe 
acids, in like manner, decompofe a fo- 
lution of bifmuth in the vitriolic acid : 
which menftruum, wKen diluted, attacks 
the calx ; but to difToIve the regulus, 
it muft be in a concentrated ftate ; and, 
in order to feparate the phlogifton, it 
ibuft be evaporated to drynefa. 

DrsTittB» vinegar boiled with the 
talx of bifmuth for half an hour, does, 
in reality, difToIve part, as appears from 
the talle, the addition of phlogifticated 
alkali, and the above mentioned acids ; 
■what is diflblved cannot be precipi- 
tated by water, unlefs perhaps in great 
quantity, and by long ftanding. The 
regulus is diflblved in the fame man- 
ner, but fo fparingly that it can fcarce 
be ascertained. Whac has been faid 
concerning 
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concerning' wncgar^ is likewife appli^ 
cable to acid of ants. The remaining 
places are uncertain, nor 'ai*e even the 
«•efpedivc powers of vitriolic, nitrous^ 
and marine acid determined* [ 
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Ni G KL E ijs not y^t umverfall y ackno w- 
ledgcd: as ^ d!i^\xidi meti^l; but as it 

jppay be 4iftinguifhed from others by 
Gonftant criterions, fuch as its deep 
green colour, when diflblved in thofe 
acids which attack it; its blue colour 
iri volatile alkali ; the greeniih white 
precipitate it. yields on the addition, 
either of common or phlogifticated 
alkali 5 the. by acinthine tinge it com- 
municates to glafs, charac^eriflics which, 

^ taken together, belong to . no, other ; 
moreover, fince when it is properly 

U purified. 
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purified, k cannot be refolved into 
others, thoi?gh it be ever fo long tor- 
tured, both in the dry and moift wayj 
lalliy, fioce no one has produced by 
fynthefis, a mixture agreeing with 
nickle in the properties above meD- 
tioned, from copper, arfenic, purified 
cobalt, iron, or other metals fufed to- 
gether; for thefe (everal reafons, I can- 
not but confider nitkle as a diftintfit 
metal, till I am better informed by 
new eSperiments. MofV chemifts have 
been feduced by the extreme difficulty 
which attends the purification of it. 
It is indeed always contaminated wkh 
arfenic, cobalt and iron, fometimes 
alfo with copper and other metals. 
'Copper is eafily feparated, arfenic with 
^great difficulty, the laft veftiges of co- 
balt with ftlH greater, but iron by no 
"method hitherto difeovered, as is re- 
■ lated more at length in my dHTertation 
on this metal. I d& not, therefore, 
wonder 



r^ 



not afFord, i^^iprcjv?^ f <? j^e cqmm^fi 
method, glaf$ pf a green colour, and 
y^t jcbati . thist colour fhpuld appeax on 
Jib^,.?aa4ti<^Q of .white axfen^c j /or this 
addition not Qnly. weakens the cohefidh 
of rthe cobalt and njcklfe. but raiders 

cobalt or ,tne pnLoglfton vKicJi before 
presented the. effedr. CoBalt does not 
tjnge fflaiSj .except when jn the ftate of 
qalxj this cali contains a wonderful 
ftore of colours j b\it whra excemvely 
dephlogifticatecL. it ^cannot, either, be • 
fufed or reduced, without'great difficul- 
ty. Nickle contaminated with iron 
alone, which I have not been able to 
remove by any means, is malleable, and 
very tenacious^ fo that I doubt whether it 
pjl^t to be reckoned among the brittle 
metals. It is fometimes magnetic, is 

U 2 difficult 
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p-difficult of fufion, and does not yieM 

blue glafs on the addition of white 

irfenic j it, however, gives a very deep 

preen to acid menftrua, and fliews die 

j£»bove mentioned criterions. 

NicKLE prefers no acid to that of fil- 
ar i by this it is taken from every 
ther, and appears in the form of a 
hitifti green infoluble powder : It is 
^kewife precipitated by acid of forrel. 
The acid, of fat yields to the nitrous. 
The other places remain to be deter- 
7inined by farther examination j i 
.trials, however, that have been ma 
feem to indicate that the arfenical ai 
is to be placed after the acetous. 
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LXV. 

Column Ftfiy-fowrtby Arftnic. 

The folutions of arfenic are^ in (bme 
meafure, imperfe<5i, at which we need 
not be furprifed, the calx being only a 
real acid, coagulated by phlogifton, 
(XX.)* It has, however, as yet been lit- 
tle examined, with a view to its eledtive 
attractions. That the vitriolic acid 
yields to the muriatic^ appears from 
this, that arfenic, dijttblved in the for- 
mer, yields, upon addition of the lat* 
ter, and expofure to a very gentle heat, 
butter of arfeniq. The vitriolic is like- 
wife extruded by the faccharine, and 
the febaceous by the nitrous. The reft 
is doubtful. 
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CbflAL"? aifffer^ fi-ofe iilcklti, iii Im-- 
parting a r6d coloui* to all thfe atldrf; 
and volatile alkali, -n^hen \t is diflbWed 
Jh thehi; ia the rfeddifh afh-coloufed 
precipitate thrdifrn d6wn either -by 
commbh bt phlogifticated dlkall ; lU 
atti^adiing taline hepaj!- from tibkle itl 
the dry way ; in rfefiifing to tofflbinft 
^ith filvet", bifinuth and lead by fufion, 
whicli metals do not rejedt itickle un- 
Jefs it contain too much cobalt ; in the 
fuperior tichnbrs of its colour J for 
U'hich r^afoh, though it be prefent iii 
the lame mafs, in fai* left quantity than 
jiickle, yet it prevails j for a regulus 
containing a much larger portion of 
nickle, yields neverthelefs a red folu- 
tion in acids, without any ftiade pf 
green, and with a ftill more Inconfi- 
der^ble 
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derable alloy, it Ijiijgei glafs flf a blue 
colour. 



Cobalt is moft ftrongly attradled 
by acid of fugar, which precipitates it 
from other acids, in the = form of a 
pale rofcHcoloured powder j imd as it 
is very difficult of folution ia wA^ 
ter, unlefs a gneat erceii of ^ditid be 
prefent, its power of attra^tion^as no^ 
yet been compared widi that of the 
acid of forrel, ^Mch likewifc precipi^ 
tares cobalt from- the murii^tic, and 
other acids. The titridlic is ekpelled 
by the muriatic acid, as maly beihewn 
in various ways. ^ Highly reftified fpi« 
rit of wine r^fufes vitriol of cobalt, 
but not muriated cobalt. Since, there* 
fore, a folution of this vitriol in marine 
acid, afibrds no precipitate on the ad- 
dition of Ipirit of .wine, it is evident 
that the vitriol mull have been decern- 
pofed. Befides, muriated cobalt (but 
UPt vitriolated) yields fympathetic ink j 

y 4 Aow 
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now a folution of yitriol, upon the ad- 
dition of muriatic acid» (or of fea-ftlt, 
which contains it, and then the decom- 
pofition is efFefted by a double attrac- 
tion), imraediately acquires this pro- 
perty, and in a dry ftate of the air, 
writing is turned green, and becomes 
legible. I fay, when the air is dry, for 
when the letters are invifible, if the 
paper be put over newly burned lime, 
or concentrated vitriolic acid, in i^ 
clofe phial, they foon become manifeft. 
Fire, therefore, or heat, aCts only by 
drying, which is agreeable to Hellot's 
explanation. Cobalt precipitated with 
phlogifticated alkali, is neither foluble 
in phlogifticated ^Ikali, nor acids. 

Acid of arfenic is incapable of ta- 
king cobalt from vinegar, at leaft i^ 
paufes no precipitation. The other 
places remain to be further ex- 
amined. 
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LXVII. 
Column Fifty-Jixtbi Zinc. 

Acid of fugar takes zinc from e* 
very other acid, and when united with 
k, immediately falls to the bottom in 
the form of a white powder j but the 
acid of fugar of milk yields to the 
vitriolic, and that of fat to the nitrous» 
Zinc precipitated by phlogifiicated al- 
kali is not adfced upon by an excefs of 
it; but it is taken up by acids. Vi- 
triolic, nitrous, and muriatic acids, 
prevail over that of arfenic; but the 
acetous yields to it. Vitriolic acid 
comes before the muriatic j for vitri* 
ol of zinc, diffolved in acid of fait, 
is precipitated by Ipirit of wine. Aci4 
of forrel has not been tried ; but if I 
miitake not, it will be found to exp^ 
^e vitriolic» 

LXVIII. 



whence I at firft conjectured, that 

■was the fame as platina ; it feems 

refufe fulphur ; it yields a perfeftly pel- 

^hicid and colourlefs vitriol, of which thi 

[ cryftals are paralleloplpeds. The calx,' 

[ when deprived of almoft all its phlogl 

f fion, is black j but when it has a fufE? 

f tient quantity to be capable of folution 

L in acids, it is white j when in combi* 

f nation with a ftill larger portion, it ac» 

[ quires a reguljne nature. The black 

[calx, in the fire, gives an hyacinthiae 

I tinge to borax, and a purple one to mi;. 

Ltrocofmic fait ; but on the addition of 

La fufficient quantity of pMogifton, both 

colours difappear. This metal parts 

with great difEculty from all its iron ; 

but who knows not the difEculty of fe-r 

parating the laft veftiges of foreign 

niatter, when it is furrounded by Or 

ther particles, which attradl them, 

ftrongly, efpecially if the mixture be- 

refradory ? , 



The black calx is taken up indeed by 
the vitriolic and marine acids, but the 
folutions are coloured, and never with- 
out a tinge, unlefs an addition of fagar, 
or fome other matter, be added to fup- 
ply the necefiary phlogifton ; but it is 
perfectly diflblved in acids, either arti- 
ficially phiogifticated, as thofe of vi- 
triol and nitre, or thofe naturally con- 
taining inflammable matter, as thofe of 
lemon and tartar ; and it decompofes 
them at the fame time. 



The acids of fiigar^ tartar, forrel, le- 
mon, phofphorus, and fluor, expel the 
nitrous, vitriolic, and marine ; for when 
vitriol of manganefe is' diflblved in 
them, there appear finaller cryftals, 
eafily foluble in fpirit of wine, which 
totally rejefts vitriol ^ and, moreover, 
the folution in which the cryftalline 
grains are immerfed, when poured off, 
afforded no precipitation on the addi- 
tion of fpirit of wine. The acids of 
nitre. 



f 



Jiff 0» M^aii» J/tra&ioiff^ 

aitre, fat, aud arfenic, expel tl|« tcC' 
tous. The red is <loubt£ul. 



In the dry way, copper, iroo, gold, 
filver, tin, and ijderite, combine wiffa 
maDganefe. The other meials remsw 
to he tried. Ljver of fialphur fcafcf 
Separates the alloy of uron^ but di^bift^ 
■both metals together. i .. u 

lu •-.■l.'j;'! r:. ,;i:,"i;/,: i ■ ':r.iSituuii...i ;.u;fr.l 

i'^X* '■■'"■ ''i' ; mgiij 

'jtT:;, -IT- ...,.l.:'. -rmn 

n „vC»W metel, whioh renders iron .Cf>i4- 
jhortj^fecms to mc to be diiTerent frflip 
all others.' _ The few circumftan,ci^ 
which I have hitherto bpea aUle tfliiP^ 
ferve concerning it, may be feen i^-jpy 
ellay on that fubjed. Much remsii^s 
for iiweftigatiGn ; and I have been <?blj- 
ged to put off my refearches fpr want 
of materials to work upon. The three 
common 



(\ 



cemmoa mineral acids ^ilToItie^t, but 
with difficuhif. In the i&lt% of preci- 
^pfkations by metals, fiderke feems lb 
ftand higher thin lead. - It^^^iioti «iijr 
more than tin, be precipitated in a me- 
tallic fonn, but always falls down in 
the flate of a calx. 



Such is this extenfive fubjed:, and 
fuch a multitude of experiments and ob- 
fervations does it ftill demand. I have 
diftinguifhed what is certain from that 
which remains doubtful, that it may ap- 
pear what remains to be done by him 
who wifhes to try his powers and pa- 
tience in the cultivation of this fcience. 
The ftations which are ambiguous 6r 
doubtful, have not been afligned totally 
without reafon, though indeed infuffi- 
cient to produce full conviction. More- 
over, if I have any where erred, the 
condition of humanity muft plead my 
excufe. I do not, however, doubt but 

that 



that tnany aflertions, which fhall ftefll j 
obfcure, or perhaps falfp, to foilie, witf l 
be quite plain and evident to him vfhfi 
ihaU feriouilj apply to this taik< 
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P. 4.1/^On€erning tpcfe adniirable experiments of 

^^ M. deMorveau, ^yc.bavc ^ very acute and 

pertinent obfervatioj^by.an ^utbor^ frequently fupcr- 

ncial. He remarks^ that there is a fource of error in 

, , ■» .1-. .1 '■ >,.-t"f- .1'. ■■**.* 

them of w)iich M. dp, Morveau was nibt aware/ for 

'■■■ I J* •■■' ' '■■ ' ' f\ '. • ' "• "•._■ 

the inferior fariface of tb^ highly poli/hed plates. vbicK 
are brought into^coptaa with the Qiercgry, beingr 
more or lel^ readily ditlolved by it^ according to the 
nature of the metat^ wUl' acquire an unequal addition 
of matter; and hence the difference in.the weights^^ 
neceflary to feparate the laminas from the furface of 
the mercury, may arife, not froqi any difference 
of attractive power, but from inequality df mafs. 
(Fourcroy, Lefons Elem. DifT. fur les Affinit.J. 



P. 32.3 The fentence beginning in 1« |i. would be 
clearer, if placed in the following manner : 

<^ In the firft place, we remark yiat a portion of 
phlogidon flies off in the inflammable air^'' 6tc. 

X P. 47. 
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. 47.,l."l. ^c."] M. QcATREMERE'D'liio 

affirms, (Col/e^kn di Mems'ira, Par'u 
119. W.) iliat when fnliitions of nrnriaretl ftiagne 
1 nmrratcd lime, and likewife of vitriolatcd volat 
Itafi and viiriolated magnefia, are mixed togetht 
e precipitation which takes place, is without decoa 
and the efFeifl of the ftrong attraftioti of o 
\i the compounds for water. Bpr.the exceflive i 
e this author betrays of che moft common o 
i in chcmifVry, (for he affirms, that when n 
i lime and viiriolated tartar are mixed togethcn 
Ube latter fait Is precipitated) (liews that his ojrinioi 
1 not worthy of the fliglueft attentio 
It is more furprifing that Mr Morveau, the tranfla 
r and correfpondent of Berginpn, . and, unqueftioi^r 
iTjIy, one of the moft philofophic chcmifis in France, 
ioutd put the following queftioii, five years after IC. 
bdbeenro!vedbyouramhor^(V. Aft. Upfal, V^ ITI.^ 
?5.) " How does it happen that two falls, which 
when feparate have 3 fufficienr quantity of water 
' for their folutinn, fiiookl, upon mixture, immedla 
. *' ly yield cryftals, ai if the water had been attrafled 
" by fjjiirit o/ wine ? I his a totally new queftia 

yc. (I.e. p. 221.)- 

_P. 65. 1. 20 j The words of the Juhjiances may^be 

ftrucT: out witfiout injuring (he fenfe ; and (he"oiutC 

a wottld.make tpe fentcncc niii fmoothi^. '''i^ - 



>fe°,^' 



lake tpe 

<i4 /. , 
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NOTE S. oaa 

I>. jy.'] Neither do the phatsnomeiia which at- 
tend the combuftion- of fulphqry nor othetp of the 
' fame nature, admit 'of rational ex{4anation vpon, 
any principles hkberto knbwi>, unlefs we adopt Mr- 
Cavendilh's difcovery concerning the conftituent paru 
of water. The experiments of that excellent chemift, 
in my opinion, lead to more fpeculations, ;ind promife 
the foliition of more pharoomena, than any whkh 
have befen piiblifhed finte the fundamental difcoveiy 
of Dr Black. But I fhall have occafibn to conQdeif 
them more particularly below. 

P. 89. 32.3 This conjedurc of the author'» 
, would feem to be erroneous^ for Mr Wiegleb (CrelPs 
Neueft Entdeck, Th. li. p. 14« 1783.) relates fome 
experiments, from which it evidently Appears, that 
fixed vegetable alkali has a ftrohger attraffaon for vi- 
triolic acid, viajicci^ than the heavy earth. §fs of the 
heavy fpar being expofed to a ftrong heat b a cru« 
feible, with 5vi of fait of tartar, was decompofed all 
but 28 grains. Mr Wiegleb adds, that this is a muc{i 
eafler procefs than that of Scheele and Bergman. Df 
Withering has fome experiments (Phil. Tr. v. Ixxiv. 
p. 304. 1784.) that'exadiy coincide with thefe, biit 
Mr Wiegleb's feem to be of an earlier date. No 
mention is made by either of foflil alkali ; but it may 
be fuppofed to agree with the vegetable. I have ar^ 
ranged thefe fubftances accordingly, but have drawn 
Do line between them, (ince it is not abfolutely cer- 

X 7. tain^ 
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tain (though I have little doubt of it) that pure fixei 
alkali w31 eStS this change. That die aerial acii 
comes into aflion in the above mentioned experiment, 
there can be no doubt, for Mr Wieglcb makes cxpreCg 
meniiOD of an effervefcence. 

P. 96. I. 2.3 Whenever the author difpofes fub- 
{lanccs by coiijcdure or analogy, he takes care to in. 
form his reader- As he therefore fpeaks pofitively 
in the prefent paragraph, ic is to be concluded that, 
he fpeaks from experimem. Dr Withering, how. 
ever, (1. c.) affirms the contrary with great coiifi.. 
dence. I have fo often, fays he, repeated thefe ex- 
periments, to fatisfy inyfelf and others, that I am 
perfuaded the terra ponderofa cauftica ought to be 
placed below the alkalis, exceptin the column ap<, 
propriaied to the vitriolic acid. Mr Kirwan, confiding' 
in the accuracy of Bergmjn, afks, Whether a decep» 
lion may not have arifen from the ubforpcion of aa 
excefs of arid, by tlie alkalis that were added ! It is 
likewife to be remembered, that when Dr Withering 
«mployed pure vegetable alkali, he obtained a preci- 
pitate, foluble neither in water nor acids, viz. a com. 
bination of the alkali and earth. The fame precipi> 
tate likewife appeared when an aqueous foluiion of 
pure terra ponderofa was added to pure vegetable or 
follil alkali, but none when it was added to pure vo. 
larije alkali. Thefe precipitates are undoubtedly well , 
V^bK^ij^^iJ^lhw examination. It muft furely,, «, 
..^..t .„1 :., ,.: .f^^^i 
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priori, feeai jafl; as extraordinary, that volatile alkali 
!I^9bUI throw down the heavy earth, as that the fix- 
ed alkalis fliould be precipitated by it. Meanwhile, 
till this matter is thoroughly cleared up, I have placed 
a note of interrogation after the heavy earth, in the 
table of words. 

i^/W. »9/^.3 Mr Cavendish found diat the water 
proceeding from the deflagration of inflammable and 
dephlogifticated air, is always impregnated with nitrdusf 
acid, whenever thofe airs are exploded in fuch a *pro- 
portion, that the burnt air is not much phlogifli* 
cated, from whatever fubftance the dephlogifHcated 
air may have been procured. Bat if the proportion 
be fuch, that the burnt air is almoft entirely phlogi* 
iticated, the condenfed liquor is not at all acid, but 
feems pure water, without any addition . whatever ; 
and when they are mixed in this proportion, very lit- 
tle air remains, almoft all being condenfed. Thefe 
phenomena may be explained, by fuppofing, either 
that nitrous acid, in fniall proportion, is a conftituent ' 
part of dephlogifticated air, or that phlogifticated air 
is nitrous acid; with a larger proportion of phlogiflon 
than nitrous air. To the latter fuppofition Mr ^Ca- 
vendifh evidently inclines, and obferves, that, in con» 
formity to it, part of the phlogifticated air, with 
which the vital is debafed, is, in his experiment, con- 
verted into nitrous acid, by the ftrong affinity of the 
latter to phlogifton. As a confirmation of bis fup^ 

X 3 pofition, 
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policion, he remarks, that when iMtre Ls deflagrated 
with charcoal, the acid is almott entirely converted inu 
this kind of air. 

This acute conjeflure points ta the origin of nv 
trouB acid, a difcovery which, fi nee chemifts have been 
lb converCant with elatiic fluids, has always Teemed 
to be near at hand, though ir has canltantly eluded 
their grafp. For if it be true, it is reafonable to 
imagine that Nature has fome procefs by which (be 
difengages the acid, and perhaps, in tlie variety of 
her operations, another by which (lie again combines 
it. At all events, the fnbjeift-is worth profccnting. 
And it would fecm advifable to expofc nitrons air to 
various fubftances, by which we may expeft to com- 
municate phlogifton to it ; for although this has been 
already done, as by expofmg it to liver of fulphup, 
and the refult has lieen fuch as feems rather to fa- 
voor Mr Cavendilh's hypothefis, yet we are not 
enough acquainted with it to draw a certain con- 
clufion. 

Anotheh method might bf, to obferve the effefl 
of vital upon phlogiflitated air, nnder as many dif- 
ferent circumfianccs as can be imagined. Some ex- 
periments on inflammable air, to be meiiiionetl here- 
after, would feem to afford encouragement for foeh 
an inveftigation. Thefe elaltic fluids are indeed con- 
ftantiy prefent together in the annofphcre, but that 
is a ficuaiion not calculated for fuch obfcrvations. Might 
not the eleflric fluid be of great fervice here alfo ! 
-^■:"< yVr. 
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We are bcGdcs indebted to Mr Becker of Mag. 
deburg, foi* fome recieiTt obfervatioiis on the origin- 
of tbenitrous acid. ' In k paiAphlet, (Entdecktes 
Saltpefcer-fauer in den AnimaliTchen Aufleerungen; 
Defiau. 1783)1 .he. rejefis both the ancient and mo- 
dern opinions coocemii^ the generation of this acid, 
either as palpably falfe, or as unfupported.by any ade-r 
quate proof. He aflerts» that the putrid fermenta- 
tion is not at all necefiary to its'produdKon. He 
found (Elxperiment I.) nitrous acid in cows urine; 
which had beien expofed for eight days to the fuQ. 
He mixed fame of th^ foakings of a dunghill with' « 
ley of burnt iheeps dung, and chalk in powder. 
The mixture began to ferment on the following day^ 
and on the fourth, the internal cdrnmotion having 
ceafed, he found at the bottom of the phial, re- 
gular cryftals of prifmatic nitre. 

In a fupplement to this publication, he tells us 
that he has found the full folutioh of the problem 
concerning the generation of nitrry and that the add 
is not to be fought in the air, but in the vegetable 
kingdom, by means of th excretions cf animals. " I found 
further, fays be, that this kingdom affords not only 
the common fixed alkaline (alt, but alfo a fixed-alka- 
line-animal tieutral fait, which appeared on lixiviation, 
notwitb'ftanding the dung was dried and burnt. It 
is truly furprifing, that during the burning of the 
ftraw or dung, its alkali, together with the acid con* 
iained in the dung, (faould not be deftroyed by the 

X 4 procefs. 
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procers, but Ihonid combine with each other. Th« 
farther I proceeded, the more I difoovered. On c 
amimng tlie earth of Hablcs and cnw-boufes, I foun^ 
thai its lixivium yielded prifinatic nitre, wbJIo that a 
I he dung would only aiford fmall cryflals, whidira 
quiff J an addition of nitre, in order to be redoftd 
to a prifinatic form. Moreover, I can extras nitf^ 
at plealare, in the courfe of llirce days, from tbd 
earth of {tables and cuw-huules, by ufing fur Taturatioa 
well purified potaffies." 

These experiments do noi, indeed, Iheiv the conlifJ 
lueni parts of nitrous acid, but they may ferve to w^ant 
ps againft ftlfc theories. I am forry that ! can give no 
account of the experiments and opinions of Mr Thoiia 
venel, the fuccefiful candidate for the prize offered 
by tlie French Academy, having never yet been abl* 
to obtain a perufai of his di^ertation. 

P. [II. 1. 15] It may be worth while to examins 
into this matter a little more narrowly. The di^ 
rence between neutral falls containing pblogifticatetl 
and dephlogifticated acids, is very ftrikinn, in ovny in- 
ftances. Should we even admit, that the alkali «oU* 
talus a portion of the inflammable principle, and 
municates it to the acid, [here mult (till be a deficient 
cy. /. e. lels phlogiflon than in common fait, unlefe iV 
be fupplied from fome other quarter ; and we migbf 
expefl a fenCible difference. It is not to be expe^ed^' 
frpRl what is faid of the attraftion of vital air foj^ 
phlogiftt 



phlogiftdil, Aat tbe ' a«i*al ^tkf (fdppbring it tocoti^ 
fiftof thcfcf^two fbbftarJces) of theaHcali* xvill be de- 
cocnpofed l^ the dephloginicated muriatic add. I 
wiih, however, that thi^ «x^riment were made, with 
a view to the examination of the elafiic flqid. 

Since this part of the note was written, I have 
feen a paper on the depUogifticated marine acid, b> Mr 
Bertholet, (Journ. de Phyfique, Mai 1785.) who du 
reeled his attentioti, in fome nieafure, to this very ob« 
Jed. He boiled in an- air- apparatus a nature of fof. 
fil alkali and dephlogifticated marine acid, and < found 
that the difengaged ekitic fluid wa^ at firft aerial acid 
with common air ; next, air of a purer iftind ; and, 
laft of all, aerial acid again. From calcareous- eacdi, 
n9 aerial Ocid is difengaged, but mly atmofj^heric air, 
which gradually becomes more and mutre pure, and is at 
lajt very pure dephkgifiicated air* This laft experin^ent 
Jocks very like a confirmation of my conjedure, that 
the dephlogifticated acid gets phlogiftojn from the ela* 
ftic fluid. 3ut Mr Ber thole t has, by no means, fuffici* 
ently inveftigated the problem, though what he ob^ 
ferved-pnay lerve (till further toihew that it is worthy 
of invefligation« 

The atmofpheric air, in the firft experiment, was 
beforehand contained in the vefiels. Whence the vil 
tal air that appears afterwards proceeds, it is not eafy 
to tell. ' Canit jcome from the decompofition of* «^tnler, 
which' perfadps.the ftrong attraAion of the dephlbgi* 
fticated add may affift in atcomplifhing in a^entte'heat ? 
X • Mr 
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Mr Berthc^et himfelf, coafonnably with the new French 
hypoihefis, deduces it from the dephlogiltkaied mp- 

riaiic acid. 

The neutral T^ilt, formed in this experiment, was ex- 
aAIy like coinmon fait. 

What he fays of vdalile alkali, is very obfcurc. 
He perteiwed an efTervefccnce, even wlifii ihe alkali 
was c,iu(lic ; and l^e elallic fluid was of a peculiar 
kind, and, as he chiiikSj is formed by the cmnbiiMtiaD 
of volatile alkali, and the dephlon;i{licaCed air yielded, 
according to his hypothefis, by the acid. 

Possibly the acid, by aitrafting the phlogi£toa«f 
the volatile alka'i, may decompufe part of it ; and if to, 
the elaftlc fluid that is extricated will be the fame as 
that which is obtained by the explolioii of fulminating 
gold, (Sehtele on airandfire, Bergman Opnfc. vol. ii.); 
and the acid being thus reduced to totnmon marine 
acid, will unite with the rert of tJie volatile alkali and 
form fal ammoniac, which was the product obtained by 
Mr Bertholet. 



P. 115.1. 11.13 S:cO MrTillet, wholiaslaic. 
ly (Mem. Paris. o»«eV 1780.) examined the action of 
iiitrous acid upon gold, in ihc tircumllanccs defcribed 
by Mr Brandt, has been led to form an oppoflie opi- 
nion. He allows, that nitrous acid, under thefc cir- 
f IHnitances, does actually attaci gold In /caves, and in a 
Jii(tc of dti£Htlty, but contends, that it docs not really 
diffolyt it either wholly or in pan, keeping it only 
, _' mechanically 
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miCGhamcally fnfpen'ded. Whether he has brought 
any new experiments or arguments that .prove hisaf» 
fertion fatisfa^orily^ let the reader judge. He obr 
ferves, and it vas knowh before, !• Tbaty if a little JU^ 
ver be added to nitrouT add contaifiing g^ld, tie latter, me» 
tal ivill be precipitated. The connexion between me- 
chanical fiiipenfion anj this effeA, is not very obvious 9 
but, if we fuppofe th^ gold to b^ diflblved, then it 
may be faid, that the phlogifton afforded by the (ilver 
is the caufe of the precipitation ; fo that this phseno- 
menon would appear to be rather unfavourable to the 
author's opinion, and fo far unfavourable as to coun» 
terbalsince all his bther arguments. 

^ 2. Gold thus precipitated ^{i.)notwithflanding its teu^ 
ier and J^ngy Pate y is not taken up bynitreus acid, bam" 
ever concentrated and ajjijled by heat'. It certainly feems 
extraordinary, that metallic particles, diffiifed through 
the fubdance of another metal, fhould be, in fome mea- 
fure, foluble ; and yet, that thefe vf ry particles, in a 
(late of equal tenuity, (hould become infoluble, when 
the other metal lias been removed. But the fa£l, how- 
ever remarkable, can fcarce be thought condufive. 
It is the oppoflte of that cafe, in which the particles 
of a body, eafily foluble by themfelves, are yet pre- 
vented from being diifolved, by being mixed with a - 
large proportion of an infoluble body. 

3. Mr Til let found, that all the gold was depofited 
ivhile the nitrous acidivas pa/png through afiker of four 
folds of paper. Mr Brandt obferved| that the gold 

was 
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was depoCned after the acid had flood Tome time, and 
alfo on agitation. 

4. On i-xam'imng a drop of the acii iiiilh tie mien- 
fcape,Mr Tilkl faw the particles of gold in their mttvtiic 
J{aie,Jioating in it. Can we fuppofc, that fome parti- 
cles «re fiifpendcd, while others are diflolved i Or, 
may it lie conje<flured, that, at, (he noble calces eaQy 
recover their phlogifton, a fource of error might arifc 
from rhe expofure of the foluiion to the liin's raysi 
That fuch an accident might happen, appears froiii 
Mr Titlet's total filence with refped to this circum- 
ftancc. 

The Commlflioners, moreover, (1. c. p. 615.) ob. 
ferve, that it appears from fevera) of iheirexperimeots, 
that the pureft nitrous acid takes up (Ji charge avee) a 
few particles of gold. 

P. 120. 1. 7. 8,] This opinion concerning theeaofc 

of the corrofive nature of certain metallic falts, has 
been adopted and coiifiriueU by many experiments by 
Mr Bertliolet, [Journal de Medecine, 1780, p. 50. 
The fame elTay was likewife fincc reprinted, with ad- 
ditjcms, m the Mem. Par, for 1780.] Amonghisex- 
pcrimetits, the following feem the mod conclufii^ ; 
Corrofive fublimaie, expoled to heat, (not a violent 
degree), with oil, is, for the nioftpart, redmed. A pitre.- 
of flelli being put into a folution of this mercurial fafc;.'- 
a copious precipitation took place; the liquor now 
, , reddened 
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reddened fyrup of violets, whereas, k bad before 
turned it green. The precipitate was caloipel. 

Precipitates of corrofive fublimate, whether wjth 
lime, or alkalis diflblved in nitrous acid, without efifer- 
vcfcence or red vapours. 

Mercury diflblved in aqua re^ yields corrofive 
fublimatc ; whence, as well as from other confidera* 
tions, the author concludes, that the muriatic acid ex- 
ifts in corrofive fublimate, in a dephlogifticated date.' 
He has fince given (Journ. de Phyf. Mai 1785.J a 
very beautiful and fimple proof of the fame pofition. 
By only adding the dephlo^fiicated acid to a nitrous 
folution of mercury, he obtains corrofive fublimate. 
Nitrous folucions of mercury become morecorrofivej^ 
as they are more deprived of phlogifion. 

From thefe, and fome other experiments, the au« 
thor thinks himfelf fully entitled to conclude, that the 
corrofive quality of metallic falts depends on their at« 
tradion for phlogifton. 

, P. 129.] Notwithstanding the flrongattrac- 
tion of the acid of fugar for lime, there are cafes 10. 
which it will not fliow its prefence. We have an in- 
ftance of this important prafUcal obfervation iii Mr 
Scheele's and our author's analyfis of the calculus. \ 
The former perceiving no precipitation to take place ^ 
on the addition of acid of fugar, immediately' ddhcl|^*^' 
ded, that there Was no lime prefent ; but the latter ha* 
ving often obferved^ that a third fubftance fuperaidcfed 

to 
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to two already united, inRead of ei&£Hqg afeparadorf 

r'Cnters into clofe combinBtio» with tbem, furi>e£ted^ 

lat this might lie the cafe here, efpecially as he knew^; 

: the faccharine BciJ contains an unfluous matter^ 

lough of great fubtiUy. And upon burning foine ca]» 

Idilns to alhes, obtained a fiibtlance which exhibited 

file moft unequivocal marks of calcareous' eartti: 

fcfStockh. Tranfafl. vol. xsxvii. p. 333.) Hence we' 

(earn, how defirable it is in chemiftry to be pofTelTeif 

■tf more than a fmgle left, as it is called, of differeat: 

hbdances. 

"P. 139- I. ai-3 "I""'* perfon probably is M^ 
mbftadt of Berlin ; for we have a paper by huii 
1 this fubjecl inCrell's Neueft. Entdeck. part 9. p.6, 
IS obvious to fufpeft, that the vegetable acids of fu. 
r and tartar, at leaft, and perhaps of vinegar, are/ 
atbottoiD, one and the fame, only modified by fome 
addition, rather accidental than eflential. This fofpi- 
cion is favoured, not only by a refemblance in fenfiblft 
qualities ; but alfo, by the produdlion of one or other 
of thefe acids, according to the different circumftances 
of a body, as in the feveral ftages of fermentation. 
But fuch confideraiions are, by no means, fitted to de- 
cide any chemical queftion ; they can only ferve to 
fuggcll proper experiments. Accordingly, Mr Hennb- 
ftadt attempted fuch as were likely to decide the que- 
Aion : one part of acid of tartar, created with foor 
pans of nitrous acid, (of which the fpeciiic gravity wai 
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to water as 41 : a8,} as in the preparation of faccba- 
rine acid, yielded Tome cryftals like thofe of this lit* 
ter acid^ but only in the proportion of 1^ in one ex* 
periment, and about .f in another. • 

But upon adding four ounces^ of. faioking nitrous 
acid to. fix drachms !of acid of tartar^ and abftrafting it 
wifih a brilk fire^.he obtained four drachins and two 
fcruplesof columnar cryftalSy which produced^in a great 
number of experiments^ the fame eSt&s as the acid 
from fugar^and^in many refpe^ts, different from that 
of tartar. Though fuch numerous'proofs of coincidenccf 
fcarce leave ai^ dpubt^ yet it is ftrange, that Mr 
Hermbftadt fhould negleft what may be confidered as 
the experimentum cruets^ the precipitation of a folution 
of gypfum. He promifed, indeed, more experi- 
ments ; but I have not:been able tp fipd" them,. either 
' • , ■• ■■■■.' 

in the continuation, of Creil's Journal^ or. any othef 

work.- It is however 'to be remembe|red;,tliat Bergman 

treated the acid of tartar with nitrgm add, without 

obtaining any acid of fugar^ {OipoSc. * vol. i.j Nor 

i$,it tp^be forgotten, that two vegeuble or -animal, ar» 

cids are very frequently prefent in the fame.comppjundi 

as in the cafe of fugar of milk and qaicrocofmic fait* 

But we can furely fcarce fuppofe, that fo large a pr04 

portion of acid of fugar fliould be accidentally prefent. 

Mri Wjkstrumb^ another very intelligent German 

chemift, obtained four drachms, two fcruples of acid of 

fugar, from an ounce of tartar, treated' with nitrous 

' acid^ His method of proceeding irwtNrth oierttioning. 
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To an oiiiite of tartar, he added two ounces of weak 
niirum acid, and (lilToIvccI it by means of a gentle beat. 
The liquor was then expofed ro evaporation in tllC 
fun's rjys, and, in fonic days, he ohferwed cryftals of 
nitre formed, amounting to two drachms, five grJns jj 
when it would yield no more of thefe, two otmces of 
fironfj nitrous add were added to the acid and vifrid 
refiJiium ; when the phial had flood a (liort time, red 
vapours began to arife ; the addition of ftrong nitrduS 
acid W3S repeated, a& long as the liquor retained any 
vifcidity, or any red vapours arofe, in which four 
ounces of nitrous acid were confumed in all, and the 
quantity of laccharine acid obtained was four drachms^ 
two fcruples. 

P. 158.] IsstEAO of obtaining phofphoric acM bf 
the tedious and wafleful method of combuftton in this 
air, I fhould think chemifts would procure it by de- 
compofing phofphonis with nitrous acid, as Mr Liivoi- 
fier direfts, Mem, Paris, ann. 1780, p- 349. & frt)'. 
Nothing is required to procure the add in a (late of 
«a~ great purity, as by combuftion, and with the great- 
eft eafe and expedition, but a prudent management of 
the fire. 

P. 165] The procefles mentioned in this pagej'fQ^ 
geft what has been fought by fo many chemifts, ia' 
onexccptlonable method of preparing Pruflian of 
pblogifticated alkali ; all (hat remains to be done after 



leld has been once obtained, h to Taturate it with 



alkali or with an 



abforbeiit earth, which, if ' 



I the 



may judge from feveral inftances mentioned i 
iex[, fecms to aofwer equally well. But a flioner 
procefs occurred, in confetiuence of the difcovery of 
the nature of phlogiflicated alkali, to Mr Scheele, 
and much about the fame time to Mr Wellrainb. 

The method of the latter is as follows ; he faturates 
pure vegetable alkali by frequciuly boiling it with 
weli-walhed PruflJan blue. He then boils the filtered 
liquor wiih white lead, in order to feparaie any fut- 
phureous or phlogiftic particles that may happen to 
adhere to it. He then adds vinegar, which wh^n it 
has been diftilled in tin-veflels, occallons the precipi- 

' tation of a white matter in great abundance ; but not 
a particle of blue is feen to fall. He ilien, in con- 
formity with Scopoli's advice, expofes the liquor to 
the fun's rays, and keeps it in that fiiuaiion as long 
as any red precipitate is obferved to feparaie. Upon 
this the lixivium is tilccred, and then mixed with a 
double quantity of highly reftified fpiric of wine, 
which throws down the proper fait of the lixivium 
fiinguinit in the form of Ihming flocculi ; they are to 
be feparated by means of the filter, and all the faline 
matter foluhle in fpirJl of wine is [o be extracted by 
that menftruum. The folution of the fah in water, 

p^j^of a bright yellow colour ; does not Oiew the leaft 



Kge of iron upon (he addition of an add ; 



precipi- 
tate» 
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tatcs that metal of a beautiful blue colour, copper 
red, «S'e. 

Mr Scheele's method is far lefs complicated. He 
extrafts, as before, Pruflian blue, with perfeflly can- 
flic fixed alkali, and then miMng highly reflified ffarit 
of wine with the liUer«d liquor, he obtains the fait 
in the foim of flocculi. Mr Scbeele adds, that he ia 
thoroughly convinced of the inefGcacy of every other 
method of purifying tile Rxhiam fangiihis ,- for if the 
yellow folution be properly boiled with muriatic or 
vitriolic acid, PruHian blue will always be fcparated. 
The fait obtained by the procefs juft defcribed, is not 
liable to alteration in tlie Open air ; for the iron holds 
the tinging acid in clofer union with the alkalr, 
and fixes it fo that it cannot be diflodged by the aeri- 
al acid, which othcrwife would happen, was it not 
combined with iron or fame other metal in the tin- 
ging lixivium. 

P. 187. 5 42. Magnefia.] Mr Biitini of Geiiera> 
{Ncuv. Ohfer-u. et Recherch.fur la Magnefr. A Gene- 
ve.) having lately publiflied feveral curious obferva. 
tions on magnelia, which have not, as far as I 
know, been laid before the Englilh reader, I am 
tempted to give a fhort account of iliem, although 
they are not fo immediately connefted with the doc- 
trine of attraffions. He was not acquainted with the 
diiTertation of Bergman on this earth'; but he nearly 
•grees with him, in faying that an ounce of diftiJled 
water 
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capableof diflblving a grafn, or at mofl i^ 
grain of magnefia, whereas ihe fame quantity of a- 
erated water takes up thirteen grains. He found 
that magnefia does not at RHk dilTolve in aerated 
water, but dccompofes it by attracting the fixed air; 
when once faturaied, it diflblve^ without decompofi- 
tion; in its ordinary fiate, tiiertfore, this earth is not 
faturaied with aerial acid, the alkali ufed for its pre- 
cipitation not fupplying it with a fufficient quantity. 
Mr Butini determines by exafl experiments, that ft- 
turaced magnefia contains ^^ of the aerial acid, more 
than in its ordinary Itaie. The fdution in aerated 
water in the proportion of i : 64, becomes turbid in a 
temperature of 158" of Fahrenheit. But one of the 
moft remarkable among his obfervations, is, that water 
may be over-faturated with magnefia, and yet pafs 
through the filter, and feem clear. Such a folution 
is obtained by immediately filtering the water in which 
Epfom fait has been decompofed ; if it be heated to 
68" Fahrenheit, (which may he done in the palm of 
the hand), it lets fall its earth, which is rediflblred 
when the liquor cools (o about 59". This is a very 
amufing experiment. 

The fponianeous cryftallization is alfo a new and 
curious phasnomenon. It will abandon the water, 
even when that is not faturated, in order to arrange its 
integrant parts into regular forms. The crylhls are 
hcmifpherical matrices, confjfting of needles, from the 
length of half a line, to that of five or Ox lines, 
Y 2 which 
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which are tranfparent hexaedral prifins, terminated 
by an hexagonal plane. 

When it is made to cryflallize in a temperature of' 
59° — 6j', two kinds of cryftaU aie formed, 
groups of needles and follcary bhcis, of which the 
fliape is not exaflly defined, though it is to be referred 
to that of an hexaedral prifm, terminated by an hexago» 
nal pyramid. In a heat of 39" to 41", nothing but blocks 
appear; and again from the 73' to the 77", the needles 
only are formed. 

By repeated or violent calcination, magnefia lofet 
its property of eafy folubility in acids. Its particles, 
without acquiring a greater degree of mutual cohefion, 
gain a remarkable hardnefs, whence they become ca- 
pable of fcratching fteel, i^c. Water does not dif- 
folve above ^j~j of calcined magnefia, nor does the 
foiution yield any cryftals. During calcination, tWr 
earth emits a phofphoric light, and adheres with great 
tenacity 10 cold bodieSj it alfo prefentsthat appearance 
of fluidity, which is remarked in gypfum. Calcined 
magnefia, expofcd to an aitnofphere of aerial acid, 
or left in a veffel covered only wiih 3 piece of loofc 
paper, does not recover its fixed atr. 

Neutral falts heighten the folvent power of v 
ter, while alkalis diminilh it. 

To thefe experiments of Mr Butini, let me be at- 
lowed to fDbjoin feme of another author, not lefs rc- 
rnarkable, though they relate to another part of the 
chemical hiClory of magnefia, viz. its combination withr, 
acids. 

Mr 
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ATRBMERE D'Ibjonval (Coll, dcs Me- 
es an account of his having obtain- 
ed permanent compounds, with magnelia and nitrous 
add; and what is more extraordinary ftill, with muriatic 
acid hkewile. To obtain this effeft with the firft» 
he precipitated purJIieJ Epfom fait, diffolved in cold 
water, with fixed vegetable alkali ; he then faturatcJ' 
the magnelia with pure nitrous acid, and evaporated 
the folution, which at firft yielded nitre, on account 
of fome alkali carried down hy the precipitate. After 
this was feparated, he rediflblved the faline magma, 
and evaporated it again : Tliefe operations he repeated 
two or three times, till fome rudiments of cryflals 
appeared, which being rediiTolved, afforded, on eva- 
poration, cryfials that had a ftronger tendency to ef- 
florefce than deliquiate, even in a moiit place. They 
have the form of four-fided prifms, truncated acutely. 
With muriatic acid he proceeds much in the fam« 
manner, taking care to faturaie the acid completely. 

He fubjoins two cautions of imporiance for the 
more certain and fpeedy produdion of ihefe cryfUls ; 
I. That not above half the magnefia Ihould be pr«- 
eifutated, for he is afraid of the prefence of calcareous 
canh; and 2. That the magnefia ihould he diflblved 
in the acid, while it is yet in the tender form of a 
precipitate. 

I WAS unwilling to with-hold thefe curious obfer- 
vations of a chemilt who had carried away the prize, 
when Bergman was his competitor ; but, whatever 
Y 3 authority 
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lUthorlty this may add to his name, I (hink that he 
who fliall perufe his writings, will be carefa! how he 
gives entire credit to his afTerilons, before he has re. 
peaied his experiments, though it mutt be confcffed, 
that they receive fome authenticity from a letter oF 
Mr de Morveau (p. lai.) to whom Mr D'Igonval 
fent fpecimens of his cryitals. 

P. 198. paragraph B.3. I MUST confefs mjrfelf 
ignorant of any good reafon for believing phhgij}!caterl, 
foul, or ccrrupted air, to be a modiiicatiou of vital 
air. Mr Kirwan's reafons for fuppofing it to be aerial 
acid, ciimbined with more phlogifton, convey to me 
no fort of convldion. Mr Cavendijh has thrown a 
ray of light upon ihis obfcure fubltance, as I have 
already mentioned, and unlefs his rational conjeftupe 
(hould be ripened into a difcovery, it is better to own 
our entire ignorance of the nature of this elaftie fluid, 
than to content ourfelves with any of the explana- 
tions that have yet been offered. 



P. 199- & fcq. paragraph B,'\. The connexion be- 
tween nitrous acid and vital air now begins 10 appear 
in a very different light. To fuppofe that thefe two 
fubfcnces were but modifications of one and the fame, 
wa& both natural and allowable, when vital air was 
firft procured from nitre ; but when it appeared, in 
the progrefs of enquiry, that fo many other bodies, 
^ffc from a!l fufpicion of any mixture of uitrous acid. 
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were found to yield the fame fluid, the opinion could 
be no longer tenable, nor is it, by any means, con< 
formable to the ufual feverity of the author's lo. 
gic. The experiments of Mr Cavendifli and Mr 
Watt (hew, that the common office of nitrous acid 
and other fubftances, is merely to dephlogiflicate wa. 
ler. The latter, who made an attempt lo recover 
the nitrous acid, found, upon procuri)ig vital air from 
chis acid and earths, that, however thoroughly the 
acid and earth might be depblogiflicated, the acid 
always became highly phlogifticated after the procefs. 
(Ph. Tr. vol. Ixxiv, p. 338.). He found, moreover, in 
one experiment, that thirty-fix ounces nieafure of vi- 
tal air were produced, and only five graijis of weak 
nitrous acid miHing ; and in another, thirty-four grains 
weight of the fame air were produced, with the lofs 
of only two grains of r^ii/acid, p. 343. 

Further, when vital air is obtained from vitriolic 
falcs, vitriolic acid air appears, at the fame time, even 
when the falts are not known to contain any phlo- 
gilhc matter, p. 344. 

P. 208. & fee], para^mph C] It is now no lon- 
ger probable, either iliat Mr Kirwan's or Mr 
Schecle's opinion will be conlinned. Both rauft give 
way to the difcovery of Mr CavendJIh, concernmg 
the couftituent parts of water. By fome experi- 
ments made in the fummer of 1 781, and read before 
the Royal Society in 1784, he found, that, upon 
Y 4 firing 
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lifing tegedier tnilaaiinable ani vital air in cicre v^f. 
TeU, they were condenfed into water. Oihcr cliemtfls, 
both at home and abroad, have rrnw amply cuitfinned 
this unexpefled obrervaiion, as Dr Prieflley, S, Lau- 
driani at Milan, and Mr LavoiHer at Paris, whd hat 
nfed very large qaantides in his experiments, but has 
fhamefully artempted to apprupri.-ite tlie dircuvery to 
himfelf; and he is accordingly mcniioned in tnatiy 
foreign journals as the firft difcoverer. Dr Prieflley 
found, that after inflammable and vital air had been 
deflagrated together, and the veflet had cooled to the 
temperaiure of the atmofpher^) as much mercnry or 
vi'aier, in whichever of thefe liquids the mouth was 
immerfed, entered, as was fuflicient to fil! ii «iifain 
joo r^" "^ "^ contents : moreover, when the moiflure 
adhering to the glafs was wiped off with a piece uf 
fponge paper, firft carefully weighed, it was found ex- 
actly, or very nearly, equal lo the airseoiployed. [Mr 
Walt, Ph Tranf, vol. Ixxiv. p. 3i2-)- Thisdifcovery 
is fo much the more to be ailmired, as no hints had 
been ihrnvn out by any other author which conid 
lead to it, nor could it hate been iurmifed by any 
analogical reafoning. It promifes, however, to fur- 
nifh explanations of many of ihe obfcureft operations, 
both in art and nature, Thus the geiierai!i>n of vi. 
lal air, the difappearance of vital and nitrous air, 
when mixed together, the produflioii of vital air by 
vegetables, ihe diminution of the air in the coin- 
bullioD of fulphtir, phofphorus, 6c. are now no Ion- 
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l.pbsenomena that require, for liieir explanation, 
^ypothefes uncomitenflnced or contradiclecJ by ex- 
periments. Dm Mr Cavendifh's tiifcovery leads tg 
much wilier views. It fuggefta new experiments 
on ihe increafe of weighi of caici ned metals, a problem 
ilill remaining to be folved, notwithHanding fo many 
hce aitempta. The firft ohjeft of thofe who Ihallnow 
labour on this fubjeift, Ihould be to afcertain, whether 
a quantity oF water, equal to ihc difference of weight, 
is generated during calcination. The general principle 
is equally applicable to vnlcanos and to ftatical phylio. 
logy ; for it is now obvious to fnfped that the ex- 
halation from the lungs is not thrown o0' in that form 
hy animals, but rather generated liy the mixture of 
the dephlogiljicated pan of the common air with 
phlogidoii. But this is not the proper place to in. 
dulge in fuch fpeculations. 

To offar any arguments againft Mr Scheele's doc- 
yine of the compofiiiim of heat, would be now fii- 
perfluoui, fincc Mr Kirwan (Notes to the Treatife on 
Air an<l Fire) and Fontana (Opufc. Litt. a S. Adolph. 
Murray) have abundantly confuted it. Bergman, 
iiimfelf, not with ftanding he has adapted feveral ex- 
planations to it, feems to acknowledge at laft, that it 
is liable to infurmoun table objeiaions. One alone is 
fufiicient : that lofs of weight, which muft enfue if 
the vital air and phlogiilon pafs off" through the vef- 
fels in the form of heat, is cot obferved. But it is a 
proof of Mr Scheele's acutenefs, tliat he firft percei- 
ved 
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ved the DecelTity of fome fubflance coniaining irin 
air and phlogifton in fo many diemical experiments. , 
Mr Kirwan'» explanation, is equally inadmilGble 
for Mr Cavendifh has (hewji, in the molt faiisfaftor 
manner, that no fixed air is generated by the mi» 
mre of nitrous and vital air, any more than in thi 
exploGon of inflammable air ; or at teafl, if any t 
generated, it is To fmall a quantity, " as to elude dt 
*• niceft teft we have." (Pk. Tr, vol. Ixxiv. p. i^i 
^«21. J and 173. 173.) 

' P. 211. 1. 3. and 4.] Mr Senebier (Reclierchi 

I fur I'air inflammable] has found that inflammable aii 

r^adually does change vital air in a length of 

By keeping ihefe fubftances over water, he 

Kiobrcrved that a diminution took place, and that thy 

reficiuum did not undergo any akeration on the addU 

nitrous air. From what Mr Kirwan fays, 

■■(Ph. Tr. vol. Ixxiv, p. 168.) it fecms that DrPrieOley 

has made obfervations to the fame purport ; for ht 

tells us, that the Dodor has difcovered, Once his laft 

publication, that inflammable and dephlogiHicated a^ 

will unite. 

P. 223.1. 5- ^ ^^^-1 Precipitate ftr fe, and 
red precipitate, are foluble in marine acid, and du- 
ring the fotution, nothing is difengaged, but a great 
heat is produced, as in the flaking of quicklime ; tb^ 
fak 
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t which is obtained by reducing the foliuii 
dais, is corrolive fublimate. 

This obfervaiion does not coincide with the expe- 
rimenl of Bergman, wlio affirms, that calcined mercu- 
ry is reduced by digedion in muriatic acid, I cannot 
guefs how he could have made his experiment ; for 
whenever I have added precipitate per ft to muriatic 
acid, I have always obferved folution to take place 
with the produflion of much heat, and have obtained 
cryftals of corrofive fublimate on refrigeratioB. It is 
true indeed, that when red precipitate is employed, a 
Mack powder, confiiling of mercury, leparaces; but 
this mercury is not any of the calK revivified ; it le- 
parates during the time of folution, becaufe the mu- 
riatic diflblves no mercury that is not eomhined luith 
vital iiir ; and ihh mercury happened to be mixed 
with the calx ; fo, if we take notice of what pafles 
in the preparation of red precipitate, it will be feen 
that firft nitrous air, and afterwards red precipitate 
pafs over, long before the mercury rifes. May not 
Bergman have ufcd this precipitatCj and thus been 
led into a miltake .' He knew nut liow lo explain the 
reduftion. Mr Kirwan (Phi!. Tranf. vol. Ixxiv. 
p. 159.) fays that the reduction is owing to the ex- 
pulfiim of the fixed air from the mercurial calx; which 
lixed air, at the moment of its cxpulfion, is deconipo- 
fed, leaving its phlogiitOn to the mercury, which Is 
[hereby i-evived. But this explanation is inadaiiffible, 
(ince 
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fiiiie HO reduction lakes place, as I have already ob- 

ferved. (Pe/UtUr J. de Phyf. mi, 1785.) 

P. 253. 1. II. Jb feq.] Dr Priestley fays, tbaf 
the iron '\% Jhperphkgi/Iictued, and has lately afllired us, 
fPhil. Tranf. vol. Ixxiii.j that he has frequently re- 
pealed the experiment with the fame rcfult. I fear, 
that neither Prieftley nor Bergtnan have examined 
the ftate of the iron, otherwife than fuperficialiy. 
Perhaps, on a more accurate examination, fomeihiDg 
might appear that would lead to ^n explanation of the 
j))^nomenon. 



P. 257. 1. 4. & feq.] Crell advifes (Chem. An- 
nal. St.i, p. 94.) 10 ufe in this experiment another 
equal and fimilar veflel, containing a quantity of water 
A, of equal weight, and at the fame temperature 
(32" Fahr.) with the ice B; lei the two veflels, he 
adds, be placed near one another, and obferve how 
long a time A requires to attain the temperature of the 
room. Moreover, obferve how long a lime B re- 
quires, ly?, to melt, and, id, to attain the tempera- 
ture of the room. Next, muitiply the degree of heat 
acquired by A, by the time B i/?, took to melt, and, td, 
to attain the temperature of the atmofphere. Then, 
fuppofing the dej^rees of the thermometer to corre- 
fpond to equal accefliaiis of the matter of heat, wc 
tnay fay, as much heat, {1. e. foniany particles of fire), 
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s fuScient to raife the thermometer to a certain 
heat, has Aich a weight. 

I HAVE heard, that oneofthofcPhilofopherswhobe- 
'Vieve heat to be merely a quality, has made the experi- 
ment propored by Bergman, with this firange refult, 
ihat, during the melting of ice, a diminution of abfituls 
gravity takes place. If my information be right, Ifliould 
ihink fuch a conclulion could prove nothing, bnt ei- 
ther the difficulty of making the experiment, without 
fuflering fome of the vapours to efcape, or elfe the 
carelefsnefs of the obfervcr. 

P. 258. 259. 260.] Mr Lavoisier and De la 
Place have lately given the foTlowing table of fpecific 

heats : 



Common water, 


I, 


Sheet iron, 


0,109985 


Glafs without lead, or cryftal. 


0,1929 


Mercury, 


0,029 


Quicklime, 


o,2i6«9 


Mixture of water and quicklime, in the 




proponion of 9 to j6, 


0,334597 


Oil of vitriol, (fpec. grav. 1,87058,) 


0,60362 


Mixture of this oil with water, iu the 




proportion of 4 to 5, 


0,663101 


Nitrous acid, (not fmoking, fpecific gra- 




vity, 1,29895,) 


0,661391 




Mixture 



3SO 
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Mixture of this acid with qu'tcklmie, in 

the proportion of 9^ to i, . OjfiiSp^' 

Mixture of 1 part erf nitre with 8 of 

water, - - 0,8167 



The ingenious machine, contrived for the porpofs 
of meaforing (he fpecific heat of boJles, by thefe 
gentlemen, confiils principally of three cavities inclo- 
fed in one another. The outermoft is filled A-Jth 
pnunded ice, which h defigned to imercept the inBu. 
ence of the atmofphere upon the ice contained in the 
middle cavity. This latter is the real fubjed of [he 
experiment, and the quantity of it melted by the bo. 
dies which are placed in the iniiermoft cavity, gives 
the projiortion of their fpecific heats, which are evj. 
deotly as the qiuntiiy of water obtained. But there 
is reafon to fear left this ingenious and promifing con- 
trivance ihould fail of anfweiing the end propofed ; 
for Mr Wedgcwood, who repeated fonie of the ex. 
perinicnts, obtained the moft oppofitc refults, when 
the fame body was heated to the fame degree. His 
difappointnient arofe chiefly from two caiifes; the firrt 
of which was the abforplion of the water by the 
pores of the ice ; for, though the French Philofo> 
phers pretend, that no error can arife from this caufc, 
fmce the ice has already imbibed as much water as it 
can, yet it is obvious, that, as the precife degree of 
force with which the pounded ice is prefied together 
cannot be adjufled, more or lefs water will be fucked 
"ft 
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■Hipi as it forms a lefs or more ^ompad body. The 
other difficulty feems (till more infuperable. Mr 
Wcdgcwood found, that the two proceiTes of freezing 
and thawing were going on at the fame time : — whe- 
ther it be, that water in the ftnte of vapour is liable to 
freez£ in a higher temperature than when liquid, as 
Mr Wcdgcwood conjectures, or the ordinary abforp- 
tion of heat by evaporation alone produces the eiFect, 
without any fuch difporition in The vapour. At all 
events, the prefent table, as well as thofe which 
Mr Lavoifier and De la Place promife, mull be 
received with diffidence, till ihefe impediments to ac. 
curacy be removed. 

P. 263. note.2 The fubllance mentioned in this 
note, is called black wadd ; by Da Cofta, oclrrafriaht- 
lis nigra. Its remarkable property of taking fire 
when mixed with oil, was firft difcovered accidentally 
at a painter's in Derby in 175a. Mr Wedgewood 
has lately (Phil. Tranf. vol. Ixxiii. p. 284.) puWiihed 
an analyfis of it. He finds it to confift of infoluble 
_ «arth, chiefly micaceous, of lead, iron, and manga- 
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P, ifiS. 269.] This analyfis of charcoal difiers 
cecdingly from that of Dr Prieftley. He ol»(aineiJ not 
tlie lead particle of aerial acid from charcoal, whei 
liad been perfeflly well burned ; but thewhole quan. 
tity was converted, by means of burning lens, into Iri. 
EaiDtnable air, except a very inconfiderable portion of 
allies. (Phil. Tranf. vol, Ixxiii. p. 411.) 

P- *730 It 's now compieicly afceriaiaed by ihe'i 
experiments of Mr Hucchins at Hudfon's bay, diat 
the freezing point of mercury correfponds to the' 
40t!i degree below o of Fahrenheit's thermometer- 
iherefore the numbers in the text mull be much re. 
duced. The otiier data of Dr Crawford, viz. ilie 
convcrfion of vital into fixed or phlogiitjcaied 
have, by no means, the certainly of eftabliihed princi. 
pics. We mnft noxv look for the origin of the hear 
in the condenfaiion of vital air into water by phlbei 
fton. And thus we have Mr Cavendifli's dircoveiy 
extended to another of the raoft obfcure and familiar 
phenomena in nature. 

v. 278] Before the publication of Mr Caven-' 
(lifh's paper on air, (Phil. Tranf. vol. Ixxiv. p. up, 
& feq.) Mr Kirwan feems to have almoft fucceeded 
in perfuading chemifts, that fixed air is generated in 
phlogiftic procefTes, by the union of vital air with 
phlogiaon. Others had thrown it out long before as' 
a probable fuppofition ; but Mr Kirwan was, I thinR, 
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the firft, yfiiQ, by $;o)le^ng an^ arrangifig fhf noipe- 
rous fads publiftied by di£Rrqnt avithprs, gave tb^ 
opinipp a gr^at degree of plaiifibility. Stilly how- 
ever, tbe complete prpof, from uncquiyqcal, analytic 
cal, and fynthetical e:|p^rim^nts, was wanting, and 0)a<f 
oy of the maft iipporxant cafes of pblogiftication gave 
BO fort pf coun(ie^j^n.ce to the fuppofitipp. 

M{i Cavendish» hy a rigorpq^ e^aniinatipn of the 
arguments, |ias fairly reduced them wkhin a very 
narrow compafs.. In the iirft place, be jufily ob* 
ferves, that all e^cperiments, io which any prgs|nife^ 
bodies are employed, mqft be fet afide. He i$ inclined^ 
likewife, to coniider the experiments with the eledric 
fpark as equivocal ; being of opinion, that when tgmfol 
is ufed, the aerial acid may arife from the burning of 
this vegetable matter ; and, in the cafe of lime-water^ 
from fome iqipurity in the tubp, or elfe from fome in- 
flammable matter in the lime. 

There remain then but four cafes $ the calcination 
of metals, the combufHon of fulphur or pfaofphorus^ 
the mixture of nitrous air, and the icxplofion of io* 
flammable with vital air. 

Neither in this combuftion of fulphur and phoT* 
phorus, nor in the explofion of inflammable air, bat 
any veftige of ferial add been perceived. That this 
13 alfo the c^fc in the mixture of nitrous air, lyjr Ca- 

■ ■ ft 

veniditti has clearly (hown, contrary to the geaf r^ fup- 
£oUtioQy fs I have alre^idy obfervcd. 

■ Z Wa 
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We have, therefore, left, for the fupport of (o ii 

portant and extcnfive a doSrine, only the calcinatioa 

of mctah ; And in examining thcfe experiments, mads 

with care and clofe vtlfels, we do not find any evii 

. dence of the generation of fixed air. Mr LavoUief 

Y «nd Dr PriertlCy found none in the air in which they 

' had formed iheir experiments; and, if it be faid, that 

the metallic calces abforbed it, it is anfwcred, that 

none has been cxtrafted from calces fo prepared. 

is indeed true, that metallic calces prepared in opea 

F Vcflels, or fuch as have lain long cspofed to the aU 

E mofphere, contain aerial acid ; but here the atmofpheie 

is an evident fource from which it might arife. 

MrKirwan endeavours to remove thefe objec- 

■ 'tions, by addncing feveral experiments, which (how, 

ihat aerial acid exifts in very fparing tjuantities ii 

atmofphere, and by reprcfenting it a& improbable^ that 

metals, during their calcination, fliould attraft it;' 

becaule lime, expofed to a red heat ever fo long^ 

does not regain any. He infills upon wbat he had for** 

merly advanced, that the revivification of certain a 

turial calces, and the produflion of vital air, is owin^ 

td the decompofition of the aerial acki contained 1 

the calces. 

Hk thinks his opinion ftrongly corroborated by atf 
experiment of Mr LalTone, in which filings of tine hh-" 
ving been digefted with caullic alkali, an efferfelcenct* 
was obferved on the addition of an acid ; but Mr &< 
vendilh fuppofes, that the cffervefeence arofe, «of 
froni' 
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fi-oni the' expulfion of aerial acid from the alksdi, but 
of inflauimabl^ air from the incompletely difTolve'd 
zinc. 

With refpeft to the ekperiihent of Dr Prieftley^ 
mentioned in the text/ Mr Cavendiih relates an expe- 
riment^ AVhich feems to reiider it probable that the 
atrial acid proceeds from plumbago and other impuri- 
ties contained m the iron : 500 grains of red precipi- 
tate^ mixed with .1000 of iron filings, yielded 7800 
grain meafures of aerial acid ;and 2400, partly of vital^ 
and partly inflammable air. But 506 grains of the 
fame^red precipitate yielded 9200 of aerial acid, and 
4200 of indifferent vital air } when they were mixed 
the plumbago and other impurities, which were the re- 
(iduum of 1000 grains of iron filings, diiTolved in di^ 
luted vitriolic acid. Hence, as more aerial acid was 
produced when the red precipitate was mixed only 
with the impurities, than with the iron filings them* 
felves, it ihould feem tb follow, that its produAion was 
owing> not to the iron, but to the plumbago^ which is 
known to contain a great deal of it. As, however^ 
it was found^ that the iron filings were mixed with ^ 
-^^ of their weight of brafs, and, as more fixed ai^ 
was produced, than the plumbago ufually contained 
in I oca grains of iron can fupply, (which is Mr Kir» 
wan'$ objeflion)^ Mr Cavendiih candidly acknowledges^ 
that the experiment ought to be repeated in a more 
accurate matter. . 

Z2 Mr 
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Mtt KntwtN, befuJe», in<^s npoa the drminatii 
of comnion add by ihe elefiric fpark, as ihe moft cfl 
vincing argument in favour of his opinion. An exf 
-rimeni, lOo, in which Dr Prieftlay having amalganuu 
lead wich mercury, obtained aerial acid from ihe bl^i 
powder into which ihe lead was converted, fce( 
really favourable to him. 

Such is the ftate of a doftrine which fo wide 
influences the theory of chcmiftry. Every ona nuq 
acknowledge, thai much Hronger proofs muft be a 
duced before ii can be received as a fundament 
propofjtion. Now, when we know thai vital air a 
phli;jgiOon conditute water, and chat this wiltrufficien 
]j account for the diminution of the air, it is no long) 
S neceffary hypothe lis ; And this very difcovery fcenu ij 
give the opinion a general appearance of itnprobatHUqTi 
which the few facts th^i yet remain to countenance i^ 
do not, hy any means, outweigh ; nay, it is probabl(f 
that thefe fafls, as tliey are more narrowly Icrmj 
nifed, will put on a different afpecl, as has alrea^J 
happened in the mixture of niiruns and v\t; 
moo air. May not foine fuch txpeiiments a$ I h»H 
propofed above, for expkTing the nature of phlof 
cated air, fervc to Jhow whether aerial acid it reallyj 
CDiopuuiitl of phlogiHoo and foine other fubllancc? 

P. 285. iEther.] The reader will furely exQifl 
me if I digrefs a little from the fubject of attr^t^nf 
and the text of the author, in order to givc,liisi X 
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fliort account of fome late experiments of Mr Scheele 
on this fubftance. They are to be found hi the 
Stockhohn TranfaAi6ns^ part iii. for the year 1782« 
Mr Scheele has not hldeed yet been able fully to 
clear up the obfcure theory of the generation of ae- 
ther : but his experimems have led him to fome new 
views. 

When vitriolic sether is prepared in a large retort, 
and a briflc heat is applied towards the hA, volatile 
jfulphureous add is obtained together ^vithvinegar, 
but no veftige of aerial acid > — when to an ounce of 
pounded manganefe, half that quantity of vitriolic acid^ 
aiid an ounce of ftrong fpirit of wine was added, be 
got both vinegar ^d aerial acid, and found in the re- 
tort vitriolaced manganefe, without any excefs of acid. 
He fbtttid that vitriolic amd muriatic acids are confti- 
tuent parts of their refpcfiive aethers, but in exceed- 
ingly fmall proportions* Befides zinc, antimony, and 
tin, by the intervention of which, it is well known 
that knurri^tic aether may be made, he obtained aether 
by a foluHon of bifmuth in aqua regia, evaporated to 
the thicknefs of ii fyrup, and of crocui^ martis (iron 
filings will not anfwer the purpofe) in muriatic aqd. 
He alfo obtained aether by faturating fpirit of . wine 
with fluot acid air, and adding manganele» J^Ilp ace- 
tous aether is to be obtamed hy the procefs of the 
Vo mt de Lauraguais, noVwithftanding; alm0ft ^ che- 
Tiiicat Writ^, exceipt Poemer, hav6 adttiittipdthat 
s ^' ah ^efiuaPoAe? Mr Scheele^ hottreyer, 
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found a way of preparing acetous Kiher, and that, in 

greaier quantity tlian any other kind of asiher (this 

obfervation is ftircly important in praiflice) by adding 

Jo llrong vinegar a little vitriulic, nitrous, muriatic 

r iiuor add. Acetous xther is more cafy of decoiq« 

ition than any other. No xther could be proci]- 

with phofpboric acid, nor any with fait of ben* 

I alone, though the latter yields fome with the 

^elp of Diuriatic acid. Neither did his trials fucceed 

if^jih acid of tartar, of lemons, of borax, of amber, 

k^nd feveral compound falts. 

Concerning the iheory, he obfcrves, that thougji' 
t may feem, that fome fubflance, which has an at* 
I traftion for the phlogifion of fpirit of wine muft be 
C brought into aftion ; yet this fuppofidon can fcarqe 
Ltie applied to the acetous 3:ther, or that of benzoin, 
< the acids of fluor and fea-falt. But granting; 
Ljhac ihefe fubdances a^ually do attrai^ phtogiftoa, 
is the ill af fpirit of iniiie itfelf, or the ather, 
fcparaCed from the water with which it ' was before 
unitfd ; Perhaps this phenomenon may be explainod 
in the fame way as the fcparation qf fulphur from he* 
patic air : this latter is foluble like fpirit of wine iq 
water, and confitls of phlogilton, fulphur, and the 
principle of heat. On the accellion of a body that 
leparates the phlogillon of this air, the principle of 
Jieat eftapes, and the fulphur is precipitated. In ap- 
plying this fuppolition, Mr Scheele obferves, 
BiangauEfe has a (Irong attraiSion for the inflammable 
• . ; principj 




NOTES. 3S9 

principle when an add a£ts upon it. This metallic 
calx, fpirit of wine, and vitriolic or muriatic acid be- 
ing added together, the former attrafls part of its in- 
flammable principle from the fpirit, whence the heat 
(which is fo confiderable, that this . mixture boiled of 
itfelf } efcapes, and the fubtile oil or the asther is fepa- 
rated from the water» The portion of acid in high- 
ly-re£lified asther, is very infignificant, though it can 
be made obvious. The fmall quantity of acetous and 
aerial acid, wnich he has obferved in fome diftiltations, 
proceeds from the decompofition of a fmall portion of 
xther ; for it is very probable, that the oil of fpirit 
of wine confifis of acetous acid and the principle of 
inflammability. 

P. 318. Sidcrite»] This fuppofed new metal, fi- 
derite, \^Hydrofyrum, W afferetfein\ has been reduced by 
the firft difcoverer, Mr Meyer of Stettin, to a mere 
compofition of iron and phofphoric acid. The reader 
will be beft pleafed with his own reflexions on the 
fubjecl. /* It is, fays he, (Crell's Cheroifche Anna- 
^^ len, B. i. St. 3.} but too eafy to fall into miftakes 
" in chemiftry ; a truth daily confirmed by the num- 
^^ ber of difputed and contradictory experiments, and, 
" of which, I myfelf probably furnifti a frelh ex- 
'* ample. For my new metal, obtained from caft i- 
'* ron, that was run from a marfby ore, of which I 
'^ have ircated in the obfervarions of the Berlin So- 
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" cicty • is, in all probibility, neithfer more tior tefi 
" than iron combined with phorpboric add. My rea. 
" fons for this opinion are die following, I djflblved 
" forftc of my fuppofcd new metal in viiriblk iciiJ, 
" tailing care to ufe more kid than Was liicellary ifbr 
" the rolution I obtained in the retort a grtj' 
" powder, and fome fulphnr appeared on its reck. 
" Upon difloluing the gmy powder, and erajwratm;; 
" the folntion, 1 obtained a thick brown lixivitmr, 
" in which, when it had ftood ftilj foi- a confiderablc 
" time, fome cryftals of true martial vitriol fliot : 
" The remainder of the ley Ihewed the fame phic- 
" nomena, as thofe I have noticed in the above men- 
" tinned papers, fience it was too apparent, that 
" this metalhc fubftance contained a large quaniily uf 
" iron. But with what could it be combined'? I 
" could thiiilc of nothing but phofphoric acid. 

" Having poured a Hiile water upon 20 grains of 
" iron that ))ad been flLixed with inflammable matter, 
" and afterwards forged, I dropped into it a little phof- 
" phoric acid, procured by the burniiijr of phofphorus, 
■' and applied heat. The acid attacked the iron, aiid 
' what was diiTolved formed 3 gray powder. I ad- 
' ded, by degrees, acid enough to diflblve all the i. 
' ron, and then left it to dry by fpontaneous evapo- 
' ration. '] he gray powder, when dry, weighed 
' SSi g''ains. Upon trying to fufe half a u'rachm of 
' this with 10 grains of glafs of borax, I found that 
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** it VIM trot iflow well : nor When to grains inot^ 
^* were iidded^ did it Vun intb complete fufion. I 
** ifound iiy tlie glftfs particles of tbetal that ^erte mclt- 
** cd into gr^ns not pttfeftly round, which were At» 
^* fo found to be vei^ brittle, fofe'd \iwth difficulty 
'" ander the blow.pipfe, and were converted into 
** fcoriac. The niagnet had but little efFeft on them, 
*^ attrading only fome fmall particles. Upon the rer* 
** maining earth I poured oil of vitxidl, dihited with 
*^ an equal quantity of water ; it was left to dry, and 
'* then diffolved in a Very fmall quantity of water, 
<' and filtered it. Upon mixing thi^ folmion with ^a- 
^* Tcr, it became inilk- white, «nd there fell down a 
*^ xonfiderable "quantity of white "earth, in appear- 
*' ance like the earth of fiderite. I have not yet 
'^ been able to repeat and continue thefe experts 
<' ments ; but have no doubt of their being confirm* 
<' ed ; and, in that cafe, I muft alter the title of my 
'< effays; but I hope the eflays are not without their 
<* ufe. What a plentiful fource of phofphoric acid 
« wonld be opened to us, if it were but eafy to fe; 
<< parate ? The clofe combination of this acid with 
** iron, would alfo be remarkable, 

** Bergman has adopted my water-iron (WaflcN 
'* eifen) as a new metal, under the title of fiderum.*^ 

What Mr Meyer gathers from thefe two experi- 
ments, is confirmed by Affeflbr Klaproth of Berlin,' 
who, by a remarka le coi idence, came tii'tn&vitf 
fiupe conduAon^ without any communication ^ith Mr 

Meyer, 
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Meyer. He did not attempt to edablilh bis opinion 
by analytkal experiments, 3e he conceived that ic 
would be difficult to feparaie the iron and acid, either 
by phlogifton or any other way. He found, how- 
ever, the artificial compound of phofphorlc acid and 
iion, to agree in its properties with the calx fideri 
alba obtained by Bergman; and Meyer frwa cold- 
ftiort iron. Native PrulTian blue contains this com- 
bination in much larger proportion, 



Since the iirll publication of this dtCTertation in 
1775, befides many alterations which totally change 
the difporition of it, not lefs than nine new columns 
have been added, whitrh, if all the redangles were 
filled up, make 9x50=450 new reelangles. I have 
no doubt but that an equal or a greater number of 
additions will hereafter be made in an equal number - 
of years. Even fince the publication of the third vo- 
iumn of the Opufcula in 1783, two, or perhaps three 
fubftances have been difcovered which will claim a 
place on the tabic of elective attractions ; thefe are 
what Mr Scheele confiders as the acid inherent in 
lungftein, or /i/pij/nwi/ffo/uj, the metal which Meffrs 
Luyart obtained from tungftein j for Wolfram only 
differs from it in being combined with iron and man- 
ganefe, and the acid of the filk-worm, and fome other 
infefts, deftribed by Mr Chauflier in the Dijon Me- 
moires for 1783. Little, I prefume, is as yet known 
coticcniing 
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concerning the eledive attradiions of thefe fubftances* 
Mr Scheele tells us^ that the turigftein acid^ as iie fup- 
pofes it to be, when combined with volatile alkali, de* 
compofes nitrated lime, by a double eleftive attra&ioti, 
and regenerates tungilein. . He adds, tb^t it produces 
no change on folutions^of alum or vitriolated ]ime,;but 
it decompofes acetated ponderous earth, the precipi*^ 
tate being quite infoluble in water ; that vitrblated 
iron, zinc, and copper, nitrated lead, filver, and iner» 
cury, with acetated lead, are precipitated white, and 
muriated ^in-blqe ; and that corrofive fublimate is 
not changed. All this was well known to Bergman^- 
yet he has made no ufe of it, perhaps wifely judging 
that the experiments of Mr Scheele, as well as his own, 
could not be much relied upon, on account of thq 
fmall quantity of matter they had to work upon : And, 
in fa^, Meflrs Luyart found, that what the Swedifh 
chemifts had taken for the acid of tungdein, was a tri- 
ple fait, containing, befldes the fubftance furniftied by> 
the (lone, fome ^f the acid and alkali employed in ev 
trailing and faturating it. 

* * « « «^ 

Since the notes on p. 96. notey and fome other paf. 
fages, were printed, I have had the fatisfadtion of fee* 
}ng a paper lately read by Mr Cavendift before the 
Royal Society, and containing experiments which 
deeply affeft fome of the general theories mentioned 
jis well in the diflertation as the notes* This paper, 

joined 
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Joined to that whicli Ihave To frequently quoted, ttinds 
to clear up more obfcuTiiies in this branch of clieniu 
dry, than al! the other fafls and iheories with whtc^ 
1 am acquainted pnt logetlier ; and with whatevef 
tnodel^ and fimplicity his experimentB may be related 
by the author, they ought to be accepted by thofe who 
have been ^lerplexed by the endlefs doubts and diffi- 
culties that occur in ail that ha been written on aeri- 
form fubftances, as great and important difcoveries, 

I HAVE already mentioned (p. 326.) the idea, that 
Mr Cavendilh had thrown out on the natui-e of pblo- 
^iflicaied air, and obferved, what was very obvious 
from the confideration of that philofopher's experi- 
ments, that the matter might be fuily afccrtained, b^ 
treating this elaftic fluid with vital air. Mr CavendlUt 
did net fail to purl'ue the path which thus lay open be- 
fore him. He mixed phlogiflicated and vital air to. 
gether, and paiTed the ele^ric fp<irk through the mix* 
ture. In thefe trials,a diminution ofbulk always *rfs 
obferved, infomuch that when five parts of vital ait 
were added to three of common air, almoft the whole 
difappeared. Moreover, by continuing his experi- 
ments, he difcovered, that an acid liquor was produ- 
cedj and that this acid was the nitrous. Thus, was 
his conjeiSure concerning the ccmftitution of phlflgiRi- 
caied air fully confirmed ; and as, in the experiments 
ah'eady publilhed, he had Jhown, iliat vital air is the 
fame thing as wa'er deprived of phlogiftoo; fo, io the 
prefcnt cafe, the addition of Vital air is equivalent to 
the addition of water. 
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But bis paper contains othpr exp^rin^nU oc^ ;l|f 
CubjeA of aerisil aci^^ thai are equally intereQing. Mr 
Kirwgn, {q far from i^ctmitting the Vjilidity of Mr Qat 
yenc)i/h'$ objedipQS to thefe experiments in vyhkh tl)e 
^laftic fpark is (ns^cje to pafs through coffimoQ or vital 
air, confined by a folution of litmus or of Hrnei retains 
them as the beft arguments in favour of that opinkxii 
which he has efpoufed. It was therefore dfifirable 
to fee how far experiment would countenance them. 

When the eledric fpark was taken in finall portioofs 
of common air, confined by a folution of litmus, the 
liquor was turned red. This had been obferved bt* 
fore ; but it was not before knpwn, that, by continue 
ing the' fparks, the folutbn becomes qaite dear and 
tranfparent $ b, however, it is : befides, half the air 
difappearsy and, by the additioh of lime-water, it is »^ 
duced |. more. It is, therefore, unqueftionably true, 
that the litmus fufiers a decompofition, lofes its purple 
colour, and y iekls fixed air ; but ^there as nothing in say 
of thefe, or of the foUowing experiments, whidi £i^ 
VQurs the opinion of air being diminifhed by means of 
phlogifton communicated by means of the eledric Ijpark. 

Wh£n lime-water was ufed inilead of litmus^ not 
the leai( ^loud was pbf^rved ; the air was redu<:ed 
to f of its original bulk ; whereas, t^ phlogiftication f, 

it 

<* To fttw ck« UoprofHietf of the former cnxincoiis pbnieolosf » 
is always among the firA eoaicquences of jdcw diibofcries ; for, as 
the esprtffico depends on the opiaion that is formed of jAaeaomc- 

iia. 
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zvea when fome aeral add was ntrcduced ; but wbeiif ' 
bdides aemJ tcid, pare robdte alkali was added, a 
brown fediiDcnt toimcdiately ap pe ar ed. H«nce, it b 
evident, as Mr Caveiulifli obferves, that the calcare- 
OiH earth mufl have been Taturaied by fome add, (ncz. 
the oitroiu), which w:is geoeraied dariog the expen- 
mcnt % bm, on the addition of pure volatile alkali, foor 
powers came into action, the nitrous acid aoittDg with 
the volatile alkali, and the aerial add with the lime. 
The brown colour of the fediiuent cnight be owing to 
fome quickftlver being dilTolved. It is, moreotvr, on- 
deniable, that, if any aerial acid bad been geDcraied, 
it would have precipitated fome of ibe earth, till ■ 
fufBcient cjuantiiy of the oiber add was produced to 
diflblve the whole. 

Thus then it appears, that what in the opinion of 

its warniell mainiainer are the molt convincing proob 

of the doArine in queltion, are no proofs at all in its 

favoor. 

na, tlic formct »iy of rpukins will fearte tia be adapted M the 
new notions. By altering (he meaning of ihe preftnt phcalc, it 
mar pcrhapibe rnain^, fence the lital part of Ihe air do» aCtaHet 
tecdic pblogiAon ; but it feems to me to exprdt bdCer, tbat iIM' 
Timainiiig claltic fluid has received an additioo of phlogiltoo, li|'^' 
which \ti Tiature has been changed: uhcncc, Ihctc aillarile this in* 
con»enience,lhat pad wiitedwiU have ofcd tlie Cime expreOioii with 
oa« ncanine, and futmc writeri will ufe it with aaolher. I tlui^* 
thcnfori^ tliat cmfulion will b« btft avoided, by fubflicntiog ■ mw '' 
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favour. I never experienced greater furprife thiin on 
reading thefe experiments of Mr Cavendifti. The 
precipitation of lime, in thefe circamftances, was fo ge- 
nei'ally believed, that no one had fcrupled to' 'diTume 
it as a certain ground of reafoning. Specnlative meti 
cannot learn, from a more ftriking inftahce, how ne« 
ceffary it is to begin with a ftriA examination of fafts. 
But whence arifes the aerial acid that appears iii 
thofe phlogiftic prtxrefles in which animals arecohcertt. 
ed i We find it not only in the air that has been re- 
fplred by animals provided with lungs, but MrScheele 
deteAed it in air in which he had kept infeds, and Mr 
Achard in common and vital air that had been injected 
into the cellular tiflue of animals. If it does not pro- 
ceed from any change of vital air, what remains but 
that it muft be thrown off in fubftance? I would, there- 
fore^ propofe this as a proper fubjeft of experiment^ 
not biecaufe I think it calculated t» decide the cheini- 
cal queftion concerning the conditution of the aeriil 
acid, but Jb^cai^re it is a curious phyQological problem. 
I kno>y but one fad that has any immediate connection 
with the folution of this problem, and that is contain- 
ed in Mr Achard's paper on artificial empbyfenoLas» 
He always found a large portioa of aerial acid in 
inflammable. air that had been forced into the "cellular 

* 

tiflue of animals. If it was not contained beforchahS 

.,. ^ . . ., 

in the inflammable air, and little or no common air 

■ ■■.,.. ■ ■•' '■•■•^ ''• "■ 

was introduced along with it^ which I think altpg^her 
unlikely ,^ tb.e rqfolt Xeeras very much to favour tfhe opi- 
nion 



nion (hat (^ppofei aerial acid to be an animal en 
tion. 

I KNowf not whether I ftiall efcape «nfurp | 
dwelling fo long, both here and befure, on the g^ 
(lion concerning the aerial acid ; hut 1 prefuin^, win 
fome confidence, that no one who is capable of j 
cfiving itsc:ftenfiwe jjifluence on the ibcpry of fp c 
fiy chemical operations, will hjame me with mpch i 
verity. That the author of the diflenaiion con^deif 
IS a queftign of the ntmoft importance, apped 
from his accurate llateraent of the feveral theories, a 
of the tbje»^Lons that may be made to them. Ca^^em 
fnlerea, fays he^ qui>tfl'miem (O redaSIam fuijfe, ut c 
l^do dm defidgrari nequ'a ; and accordingly, I thin! 
>ve can now determine, with tolerable certainty,. tlM 
merit of thofe theories, as well as explain the oa- 1 
t^re of phlogiftic proceiTes. 

Qn this fubjeft, I have only to add, that in columii 
36. vital air ought to be placed above nitrous acid. 

P. 188,] I FoPCoT to obferve, that ponderous 
earth had now heen found, in mure places than one, 
combined with aerial acid. The author himfelf re- 
eeivfd, a little while before his death, 3 fpecimen of 
this combination, which was tranfmitted to him frooi 
this country. 
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Explanation of the TABLE op Double 
Elective Attractions. 

Thefirjl Forty take place in the HuMiD Way. 

OCheme l. reprefeins the decompofition of vitriok- 
*~^ ted vegetable alkali by ponderous earth, the vi- 
triubted ponderous earth falling down iiifolublej and 
:he pure alkali remaining in the Waier, 

ScH£ME a. fliews that lirae produces no fuch effcft. 

Scheme 3. the decompofition of munaced fofTil al- 
kali or fea-falc by pure vegetable alkali, the new com- 
pftUml and the difeHgaged alkali both remaining in the 
liquor, 

Scheme 4. the dcco)npofiilon of muriated lime (fix- 
ed ammuniacj by pure fuHil alkali, the time falling 10 
th? bpUpm. 

Scheme 5. Lime produces no change in a folution 
of muriated fixed alkali. 



Scheme 6. the decomporition of vitriolated mag- 

nelia (Epfoiu fait) by pure fixed alkali, the pure ma^;- 

A a neii» 
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oeGa falling to the bortom, and the aevr compoa 
being difiblvcd. 

ScHESfE 7. die dccompofition of cOTrofive fublinial 
by pure vegetable alkali, the mercarial calx falliii] 
down, and the new compound (digeflive iah) beii 
dilToIved. 

• Scheme 8. the decompoTition of vttriolated ii 
(green vitrioI)by lime, both the metallic calx and 
new compound Cgyp'^^'") being precipitated. 

Schemes 9. 10. 11. Thefe fchemes are admirabl] 
explained in the ninth feftion ; fee alfo p. 170. 
ninth reprefents the partial decompofition of vitriola» 
ted vegetable alLali by the nitrous acid : the tenth 
and eleventh that of nitre and digellive fait by the"' 
acid of tartar. 

N. S. There is an error in the tenth Scheme 
the original plate, which, as well as many others, i 
correfted in the Tables annexed to this Tranflation. 



Scheme 12. fliews, that, on the contrary, the 
of tartar does not, in any refpeft, change muriati 
folTil alkali (fea.faU). 

Scheme 15. the decompofiiion of borax by nitroM' 
acid, the new compound being diflblved, and the 
of borax appearing in a folid form, 

ScHl 
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Scheme 14. the decompofitiori of vitriolated lime 
fgypfuoi) by acid of fug»r, the fnccharaied lime fall- 
ing down infoluble. 

Scheme 15. Ihews the decompontioii of vitriolated 
magnefia by fluor acid : but fee p. 187. 

Scheme 16. Ihews the decompoflcion of nitrated 
lime by vitrioh'c acid, ihe gypfum falling down. 

Scheme 17. Ihews the decompontion of white arle- 
nic by dephlogiQicaced marine acid, the acid of arfenic 
appearing in a folid form. 

Scheme 18. Ihews that zinc precipitates Giver from 
Volatile alkali. 

Scheme 19. fnews, that faline liver of fulphur is de- 
compofed by the acetoas acid, the fulphur being pre- 
cipitated. 

N. B. This Scheme includes many others, afmhri. 

Scheme 20. (hews the decompolition of calcareous 
liver of fulphur by vitriolic acid, both gypfum and ful- 
phur falUng down. 



Scheme 21. fiicws, that when folutionE of vitriola- 
ted vegetable alkali and muriated lime are mixed, a 
double decompofiiion lakes place, the digeflive fait be- 
ing diflblved, and the gypfum precipitated. 

A a ^ Scheme 
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ScUkmK 12. -fhewB, that when vitriolated vegetabi 
alkali in folution is added to muriated lead (plumbi 
corneurn), a double (lecoinpornion takes place, t 
fca-falt being dilTolved, and the vitriolated lead pred* 
pitaced. 

Scheme 23- (hews, that when miiriated vegerabli 
alkali and viiriolaied lime are mixed together, no! 
doujie decompolition takes place. 

Scheme 24. (hews, that when vitriolated volatile 
aBeall and miiriaied mercury arc added together^ 
double decompolition takes place, the muriaied vola- 
tile alkali (fal ammoniac) being dilToIved, and the vU 
' triolaied mercury precipitated. 

Scheme 15. ftews, that when nitrated terra poi 
derofa and oxalited volatile alkali are added together, 
an exchange of pritKipIes takes place, the oxalitei 
earth falling down, and the nitrous ammoniac brilt^ 
diffolved. 

Scheme 26. (hews the double decompotittoti of nta 
trated (ilver and common fait, the new neutral fall 
(nitrated foflil alkali) being diffolved, and the 'inuHa< 
ted filver (argentum corneurn) falling down. 

Scheme 27. ftews, that when tartar and mtrai 
mercuty are mixed, they fuITer a mutual decompofi' 
tisii 
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6on, (he.nitre being dil&lred, snd the urtarized mer- 
ciuy precipitated. 

Scheme aB, fliews, ihat when borax and nitrated 

mercury are mixed, a double decoinpofitiun takes place, 
the boraxaied mercury falling down, and ihe nitrated 
fofTtl alluli difiblved. 

Scheme 29. fliews, that when muriated tnagnefia 
and acetaied filver are mixed, an exchange of prin- 
cipln takes place, the scetaKd magntlia bemg dilTal- 
ved, and the muriUcilSver precipitated. 

Scheme 30. Ihews, that when viirioljited filver and 
muriated lead are mixed, a double exchange happens, 
and both muriated lilver and vicriolated lead fall down 
infoiuble. 

.' Scheme 31. (hews, that when nitrated filver and 
muriated copper are mixed together, a double decom- 
pofition takes place, the nitrated copper being dilTol- 
ved, and the munated fllvcr failing down. 



Scheme 32. fliews, that when common fait and 
aerated vegetable alkali are mixed, a double exchange 
takes place, the digeftive fait (muriated vegetable al- 
kali) and the aerated foffil alkali being both dilTolved. 



Scheme 
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BcHEMK 33. fliewB, that when corrofive fablinii 
and aerated vegetable alkali are mixed, a double c 
compofuioii happens, the muriated vegetable alkali 1: 
iug dilTolved, and the aeraced mercury precipitated. 

ScHKMK 34. Ihews, that when nitrated lead a 
aerated foJTil alkali are mixed, a double exchange is < 
fefted, the aerated lead falling down, and the niCrat 
foflil alkali being difTolved. 

Scheme 35. thews, tbut when vitriolaced maj 
fia and aerated fixed alkali are mixed together, a doub 
exchange takes place, the vitriulated alkali being diflc 
ved, and the aerated magnelia falling down. 

Scheme 36. fhews, that when muriated lime ai 
aerated volatile alkali are mixed together, a double 6 
change takes place, the muriated volatile alkali (I 
ammoniac) being dilToIved, and the aerated lime H 
ing down. 



Scheme 37. IhewE, that when aerated volatile 
is added to a tinflure of pure vegetable alkali, 
vegetable alkali combines with the aerial acid, and 
down, while the volatile alkali combines with the ■ 
cohol. 

Scheme 38. fte-ws, that when to nitrated Gli 

copper is added, a double exchange takes place, I 

phIo|^fl 
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phlogifton of the copper unites with ihe fiiver, which 
falls down, and the nitrous acid with the copper, which 
is diHolved. 

Scheme 39. Ihews, that if iron be added to cop- 
per dlOblved in vitriolic acid, the phlogiltan combines 
with the calx of copper, which is precipitated, and the 
vitriolic acid with the calx of iron, which is diflulved. 

ScHEME.40. Ihews, thai when faline liucr of ful. 
phur is mixed with acetaied lead, a double exchange 
takes place, the lead falling down with the fulphur, 
and the acetaied alkali being dilToIved. 

N. B. I cannot undertake to affign the reafon why 
thofe cafes of double atcraflion which are effected by 
the tinging acid, in combinaiion wiih alkalis, and, as I 
fuppofe, with abforbent earths, at leaft with lime, are 
omitted in the prefent Table, The nature of the ope- 
ration could not be unknown to the author, becaufe 
he mentions it exprefsly, p. 302, I fee, indeed, that 
he has omitted others that were known to him ; nay, 
that he mentions in this very diflertaiion ; whether it 
was that the reader could eafily infer them from thofe 
cafes that are reprcfenied in the Schemes, or whether 
they were doubtful, or of fmall importance in pradlice : 
but none of ihefe confide rations apply to the attrac' 
tions in queftion ; for they feem to be well afcertained 
as to their theory, and are undouljtedly of dally occur- 
rence in iheprafticc of chcmiftry. 

A a 4 It 
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The precipitates of .tin, bUtnuth, sklde, andmony» 
and mangapefi;, generalljr have their colours alter* 
ed by the adiiiixnire of particles of PruJHan blue» 
fixMii tlie iron that is prefeitt. The paiiderouG 
earth is likewife precipitated by the combination of 
the tinging acid and alkali, (Preface to the Sciagra- 
phia, and "Withering, iiid.). Hence I imagined, 
that vitriolated ^onderoiii earth might poQtbly 
be decompounded by the fame powers. Having re* 
diiced a fmsl!, quantity 10 a fine ^wder, I digelled it in 
the fonlhine for leveral hours in a folution of PrufHaij 
alkali, prepared according ro Mr ScJieele's method. 
After the fupernatant liquor was poured otT, and the 
refidiium edulcorated, nitrous acid was added to it^ 
which I fiippofed would expel the tinging acid from 
the earth, if any fuch union had taken place, and dif- 
folve the latter ; but upon dropping fome vitriolic acid 
into the nitrous, no precipitation was obfervable, which 
Ihews that it held no ponderous earth in folution. 
Whether this decompofition may be accomplifiied by 
applying a flronger heat, or following other methods, 
I know not. 

This experiment led me to doubt, whether the 
PrulTian alkali waE capable of decompounding certain 
other compounds of acids and metals, befides the fo- 
lution of platina. If any would refift its action, I 
thought viiriolated and muriated lead, and perhaps 
filver, to be the moft likely ; particularly the former, 
from the conjeflure that Bergman has thrown out in 
the 
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rtie preface to his SciegrapblAt ^concerning the identity 
of the calx of lead and ponderous earth. I wa% 
nioreaver, unable to recolleiS any thing facisfa^ory OD 
ihis poim in authors. Bergman himfelf,, (Opufc, 
Diff. xxiii, j 5. letter E),r fays only, that "lead is 
" precipitated af a white colour from its foliition ia 
" nitrous acid l?y aerated and caultic folTd alkali, as 
". well as by Pruffiaii alkali." I attempted, there- 
fore, to fatisfy myfelf, by repeating the foregoing ex- 
periment with vilriolated lead, except that I happen- 
ed to ufe the acetous acid inllead of the nitrous. 
But I now obferved a white precipitate, both' on the 
addition of vitriolic and muriatic acid, which fcems t« 
fliow, that a double decompoHiion had adually taken 
place. HoWevCr, farther enquiry is neceffary before 
anything certain is determined ; and I purpofe to 
cxaniiiie the feveral metallic falts above mentionedj^ 
when 1 have' fome tolerable convenience for making 
chemical experiments. 
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■ Scheme 41 . . If virriolated vegeuble alkali be di- 
ftilled with phofphoric actJ, it will be decompounded ; 
■the vitriolic acid will "be driverf over, and the pho- 
sphorated alkali will remain at the bottom. 



' Scheme 42, If common fait be fubjefted to diftil- 
■ lalion with iiitrous acid, the marine acid will rife, and 
the nitrated folfii alkali remain in the retort. 



Scheme 
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<c HEME 43. IF connnon £ilt be rubjefted to diftil 
laiion urjth acid of arfenic, the marine add will I'lft 
and the arfenicated folTi] alkali remaia in the reurt. 



Scheme 44. If muriated volatile alkali (fal ammo- 
niac) be dillilled with vitriolic acid, the marine acid 
will rife, and the v'nriohted volaiile alkali will like, 
wife be fublimed. 

ScHEMZ 45. IF marine acid be diftilled with the 
black calx of manganefe, it will be dephlogifticated 
and rifej the white cglx remaining iixed. 

Scheme 46. If fal ammoniac be treated with quick- 
lime in diHilting veflels, the pure volatile alkali will 
arife, and the muriated lime remain. 

Scheme 47- If fulphurated mercury fcinnabar} be 
fubjcfted to diftillation with iron, the mercury will 
rife in its metallic farm, and the fulphurated iron re- 



ScHEME 48. If arfenicated 6xed alkali be fublimed 
with inflammable matter, the arfenic will rife in a re< 
guline form, and the alkali will remain i 

Scheme 49. If phofphorated volatile alkali be fub- 
limed with inflammable matter, it will be decompofed, 
3nd the volatile alkali and phoFphorus will both arife ? 
Scheme 
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Scheme 50. Aews, that muriated' lime is not cle^ 
compounded b)^ being expofed to diflillatJon with vo- 
latile alkali. 

Scheme 51. {hews, that fluorated lime i« lUK de- 
compounded by being expofed to fufion tn a crixibk 
with fixed vegetable alkali. 

Scheme 52. fliews, that when an alloy of gold and 
Jilver is fufed with fulphur, the fulphur combines 
with the filvec, and leaves the gold free. 

Scheme 53. thevis, that when fulphurated lead 
and iron are fufed together, the fulphur unites wilt 
ihe iron, and leaves the lead free. 

Scheme 54. (hews, that when copper is fufed with 
a combination of faline liver of fulphur and filver, 
the copper unices with the liver of fulphur, and the 
CIver is feparated. 



Scheme 55- fliews, that when nitre and muri< 
atic acid are diftilled. together, the nitrous acid at* 
trafls the phlogifton of the marine acid, and quits th< 
vegetable alkali. 

Scheme 56. Ihews, that when nitre and wluti 

arfenic are difHlled togeiher, the nitrous acid at- 

irafli 
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irafls the phlogifton, and rlfes, while the arfcnkal 
acid combines with the vegetable alkali. 

Scheme 57. Jhews, that when comnwa fait and 
white arfenic arc fubjeftcd to diffiUation together, 
no change is effefted. 



Scheme 58. (hews, that when corrofivc fublimate 
is fobjefted to diftillation with regulus of antimony, 
the calx of the mercury unites with the phlogiQon of 
the antimony, and rifes, while the muriatic acid com- 
bines with the calx of antimony, and rifes in like man- 
ner. 



Scheme 59. fliews, that when vitriolated vegetable 
alkali is expoPed to fublimaiion with arfenicaced vola- 
tile alkali, the vitriolic acid combines with the volatile 
alkali, and rifes, while the arfemcal acid combines 
with the vegetable alkali, and remains Axed. 

Scheme tio. (hews, that when nitrated vegetable 
alkali and vitriolated volatile alkali are expofed to 
fublimation, the nitrous acid rifes, combined with the 
volatile alkali, while the viiriolated vegetable alkali re- 
mains fixed. 



Scheme 61. (hews, that when muriated foffil al- 
kali and vitriolated mercury are fublimed together, 
the muriatic acid combines with the mercury, and 
rifes. 



3»» 

rifes, while the vitriolatcd foIHl alkali remains at i 
bottom. 



ScKKME 62. fhews, that when muriawd volatH^f 
alkali anJ aerated lime are expofed to fublimadn 
together, the aerial acid and volatile alkali rife cgind 
bined, while the luuriaied lime remains fixed. 



Scheme 63. (hews, that when aerated vegetablln 

■•idkali and fluorated lime are fufed togethef, the adjl 

Koffluor combines with the vegetable alkali, and thtf' 

aerial acid with the lime, both remaining fixed. 

Scheme 64. fliews, that when an alloy of gold antfl 
copper is fufed with fulphurated antirtiony, the fulph&r ' 
unites with the copper, and the gold with the anti- 
muny, both remaining; fixed. 



EMENDANDA. 

P. 41, 1. i6. add vitriolated tartar^ nitrey and fome other 

/alts, are thus thrown down. 
P. 66. 1. the lafty^flrike out or not. 
F* 68. 1. 12* for a read n. 
P. 107. 1. 13. for acids, read metals* 
P. 170. 1. 5. after manner, infert /^&^ tfrtic/x of. 
P. 182. 1. 17. read the wchxIs, it;i&/ri& co/me h^a?/, immediate* 

ly 2&£t fea-faltm 
P. 236. 1. 14. infert : between the two kft quantities of 

the equation. 
P. 256. 1.^17. 2&tTfpecific, add beats. 

N» B. There are a few literal errors, which the context 
will at once diredl the reader how to correal : And 
if there be a few wrong ftrokes yet remaining in 
Table IIL they may be correfted from the correQ)ond- 
ing Table of words* 
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